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THE    IIUMFOUI)    SrECTROHELlOCiRArH    OF    THE    YEKKES 

OHSERVA'rORY 

By   George  E.  Hale   and   Ferdinand  Ellebman' 

INTRODUCTION 

The  application  of  the  sijectroscope  in  1868  to  the  observation  of  solar  prominences  in  full 
sunlight  opened  an  extensive  field  of  research,  and  directed  the  attention  of  astronomers  to  the  impor- 
tance of  applying  the  powerful  instruments  and  methods  of  the  physical  laboratory  to  the  study  of  the 
Sun.  Since  that  time  the  rise  and  development  of  stellar  spectroscopy  have  further  emphasized  the 
importance  of  solar  investigation.  For  it  cannot  be  too  often  repeated  that  the  Sun  is  the  only  star 
whose  phenomena  can  be  studied  in  detail ;  in  interpreting  the  spectroscopic  phenomena  of  all  the 
other  stars  we  must  therefore  return  in  every  instance  to  the  Sun.  If  its  infinitely  varied  and 
complex  activities  were  well  understood,  the  problems  encountered  in  the  study  of  stellar  evolution 
would  be  greatly  simplified.  But  although  the  constant  use  of  the  spectroscope,  dating  back  to  t he- 
discovery  of  the  chemical  constitution  of  the  Sun  in  1859,  has  furnished  an  immense  amount  of 
valuable  information,  there  appears  to  be  an  exceptional  opportunity  at  the  present  time  to  secure 
new  and  important  results,  especially  through  the  use  of  the  large  spectroscopes  and  other  powerful 
instruments  of  the  physical  laboratory.  For  solar  spectroscopy  has  by  no  means  kept  pace  with 
laboratory  spectroscopy;  few  large  grating  spectroscopes,  such  as  are  found  in  every  physical 
laboratory,  have  ever  been  employed  to  study  a  large  image  of  the  Sun.  This  being  true,  it  is  less 
remarkable  that  other  laboratory  instruments,  not  so  generally  available,  are  still  awaiting  application 
in  solar  research. 

The  widespread  interest  in  total  solar  eclipses,  and  the  great  expenditure  of  time  and  money  so 
freely  made  in  observing  them,  surely  tend  to  emphasize  what  has  been  said.  For  if  it  is  worth 
while  (as  it  certainly  is)  to  travel  thousands  of  miles,  and  to  undergo  hardships,  in  order  to  spend  a 
few  flying  seconds  in  making  observations,  it  would  seem  no  less  advantageous  to  continue  solar  work 
at  home,  where  entirely  new  phenomena  can  be  observed  daily  with  a  much  smaller  expenditure  of 
effort.  Total  eclipses  of  the  Sun  will  always  be  of  great  importance,  as  the  corona  cannot  be  observed 
in  full  sunlight.  But  the  study  of  many  other  solar  phenomena,  which  can  be  observed  whenever  the 
sky  is  clear,  is  quite  as  likely  to  advance  our  knowledge  of  the  solar  constitution. 

It  was  with  some  such  ideas  in  mind  that  the  work  of  the  Kenwood  Observatory  was  undertaken 
in  1888.  It  seemed  obvious  that  even  a  very  slight  appreciation  of  the  subject  should  suffice  to 
render  possible  some  improvements  of  method.  A  first  step  iu  this  direction  was  attempted  by  the 
invention  of  the  spectroheliograph  in  1889.  The  original  purpose  of  this  instrument  w^as  the 
photography  of  the  chromosphere  and  prominences,  in  order  to  simplify  and  render  more  accurate 
the  daily  delineation  of  their  form.  It  was  subsequently  found,  as  will  be  shown  in  the  present 
paper,  that  the  instrument  had  a  far  wider  range  of  application,  and  that  it  could  be  applied  in 
directions  which  had  not  suggested  themselves  in  1889. 

The  principle  of  the  spectroheliograph  is  exceedingly  simple.  Imagine  a  direct-vision  spectro- 
scope in  which  the  eyepiece  ordinarily  employed  is  replaced  by  a  (second)  slit.  If  an  image  of  the 
Sun  is  formed  on  the  first  slit  of  this  spectroscope,  the  second  slit  will  permit  the  passage  of  only  a 
narrow  region  of  the  spectrum  corresponding  in  width  to  this  slit.     If  the  slit  is  now  moved  until  it 

1  Although  this  paper  has  been  written  by  myself,  for  convenience  of  reference  to  previous  studies  and  opinions,  it  belongs  also 
to  Mr.  EUerman,  because  of  his  important  share  in  the  work. —  G.  E.  H. 
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coincides  with  the  ///J  lino,  for  example,  only  hydrogen  light  will  pass  through  the  instnimenf.  If. 
then,  a  photographic  plate  is  placed  behind  and  almost  in  contact  with  the  second  slit,  and  the 
spectrosi-ojH?  is  moved  at  right  angles  to  its  o|(ticai  axis,  an  image  of  the  Sun,  in  monochromatic 
hydrogen  light,  will  be  built  up  on  the  plate  from  the  successive  images  of  the  slit.  If  the  exjwsure 
is  suitable,  the  chromosphere  and  prominences  will  be  shown  surrounding  this  image. 

Such  is  the  8j)ectroheliograpli  in  its  simplest  form.  It  is  obviously  immnterinl  whether  the 
motion  be  given  to  the  spectroscoj)e.  on  the  one  hand,  or  to  the  solar  image  and  photographic  plate, 
on  the  other.  It  is  only  necessary  that  the  relative  motion  of  the  solar  image  and  first  slit  be  such 
that  light  from  all  parts  of  the  solar  disk  shall  pass  successively  through  the  slit,  while  the  photo- 
graphic plate  and  second  slit  experience  a  corrtsixjnding  relative  motion.  The  second  slit  serves 
simply  to  isolate  any  desired  line  in  the  spectrum ;  hence  its  width  must  be  such  as  exactly  to  include 
this  line,  and  to  exclude  all  light  from  other  parts  of  the  s{x?ctrum.  It  is  evident  that  the  sjH^ctro- 
heliograph  may  be  considered  simply  as  a  form  of  monochromatic  exjx)sing  shutter.  ditFering  from 
the  ordinary  fix-al  plane  shutter  only  through  the  use  of  a  narrower  exjwsing  slit,  and  the  inclusion 
of  an  optical  train  which  limits  the  light  to  a  single  line  in  the  fejiectrum. 

Although  this  idea  suggested  itself  to  me  quite  independently  in  1880,  I  subsequently  learned 
that  the  principle  was  by  no  means  new.  Indeed,  Janssen  had  suggested  it  as  early  as  l8t)'J.  while 
Braun.  of  Ealocsa,  and  Lohse,  of  Potsdam,  had  designed  instruments  involving  the  same  principle  in 
1072  and  1880  respectively.  Indeed,  Lohse  had  constructed  and  exi)erimented  with  the  instrument 
he  designed,  but  his  work  was  not  successful.  This  may  have  been  due  in  part  to  the  fact  that  the 
hydrogen  line  which  he  employed  is  not  nearly  so  well  adapted  for  prominence  photography  as  are 
the  H  and  K  lines  of  calcium.  This  was  one  of  the  difiiculties  ex|x;rienced  in  my  first  (unsuccessful) 
exjierimenls,  which,  through  the  kindness  of  Professor  Pickering,  were  made  at  the  Harvard  College 
Obsenatory  in  the  winter  of  Ihh'J-KU. 

In  April,  1891,  after  the  Kenwood  Observatory  had  been  equipped  with  a  twelve-inch  equatorial 
refractor  and  a  powerful  solar  spectroscope,  a  photographic  study  of  the  ultra-violet  spectrum  of  the 
chromosphere  and  jirominences  was  undertaken  in  the  hope  of  finding  lints  heller  ndajiled  Ihnn  those 
of  hytlrogen  for  the  photography  <.)f  tlie  prominences.  The  brilliant  H  and  K  lines  of  t-alciuni,  previ- 
ously obsened  \isually  in  full  smdight  by  Professor  Young  and  photographically  at  total  eclipses, 
were  found  in  all  cases  to  be  the  most  conspicuous  lines  in  the  spectrum  of  the  chromosphere  and 
prominences.  The  remarkable  brightness  of  these  lines,  and  more  particularly  their  jxisition  at  the 
center  of  the  broad  dark  shades  due  to  the  denser  calcium  vapor  in  the  lower  portion  of  the  solar 
ntm«>sphere,  render  them  jieculiarly  well  ada[>ted  for  the  pur|)oses  of  i>rominence  photography. 
Indee<l,  it  was  |K(8sible  with  their  aid  to  obtain  good  photographs  of  single  proininences  merely  by 
o|jening  the  slit  <jf  the  sjK'ctroscoiH'  to  such  an  extent  as  to  include  a  considerable  part  of  the  promi- 
nence, and  giving  a  very  short  exj>osure  to  the  image  formed  directly  upon  a  photographic  plate.  But 
this  metlxHl  was  to<j  limited  to  lie  of  general  application.  In  order  to  record  photographically  the 
entire  circumference  of  the  Sun,  with  the  chromosphere  and  prominences,  it  was  neces.snry  to  t>mploy 
the  principle  of  the  si)eclroheliograph,  involving  the  use  of  narrtjw  slits,  moved  with  reference  to  the 
mAar  image  and  photographic  plate.  The  first  successful  spectroheliograjdi  was  brought  into  us<-  at 
the  KenwiMKl  ( )l»i<Tvalory  in  January,  IH'J2.  Afl<-r  this  time  it  was  employed  regularly  on  ev»'ry 
clear  day  until  .May  IS'.t."),  hihui  iifi.r  which  the  instruments  of  the  Kenwood  ( tli^iivMlm  \  w.r<-  i.hh.m  d 
to  the  Verke«  ( )ljH<Tvatory. 

My  HiKH-trofM^opic  studien  of  the  Sun  during  the  spring  and  summer  of  IMU  were  not  confined 
U>  the  chroMiottphiTe  and  prominences.  It  was  sotm  found  that  the  H  and  K  lines.  ]>reviously  recog- 
Iii/><<1  OH  no  l<>HH  chnracteriHtie  of  the  prominenc<-H  than  the  hydrogen  lines  tlieniselv.s,  were  reversed 
from  dark  to  bright  in  regiona  HcatleriMl  all  over  the  solar  disk.  Tiiis  fact  had  not  es(a|.ed  the  atten- 
tion of  PrufcMMjr  Young,  who  had  hjiig  lK<fore  reniarkeil  the  presence  of  Ihi-se  lines  in  the  neighltorluMHl 
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of  active  Sim-spots.  I'.nt  llic  «,n-catiT  (lclica<'_v  <A'  tlic  |iliut(ii,M-:i|iliic  process  showed  these  briglit  lines 
to  characterize  very  extensive  re<;i<)iis  mi  the  Sun's  surface,  not  contincd  to  the  immediate  neighborhood 
of  spots,  but  scattered  throughcjut  the  Sun-spot  zones,  and  even  extcndin-,'  from  pole  to  |)ole.  It  was 
noticed  from  the  outset  that  these  lirii;lit  regions  corresponded  closely  with  the  well-known  facuUe,  and 
in  my  earlier  work  they  were  called  \>y  this  name.  It  has  since  become  clear,  however,  that  a 
distinctive  term  should  be  adopted,  and  I  now  ])ropose  the  name  Jloccnii  for  the  regions  on  the  Sun's 
disk  which  are  shown  only  on  photographs  made  with  the  spectroheliograph  (see  p.  14). 

The  possibility  of  photographing  these  bright  regions  on  the  Sun"s  disk  with  the  spectrohelio- 
grnj)!!  at  once  greatly  extended  the  range  of  that  instrument,  as  it  was  thus  shown  to  be  capable  of 
recording,  not  only  the  prouunences,  which  could  be  obserxed.  though  very  laboriously,  by  visual 
methods,  but  also  extensive  and  important  phenomena  invisible  to  the  eye  and  not  shown  on  jilioto- 
graphs  taken  in  the  ordinary  manner.  Spectroheliographs  were  accordingly  adopted  for  use  at  other 
observatories,  first  by  Mr.  Evershed  in  England,  and  subsequently  (in  1893)  by  M.  Deslandres  at  the 
Paris  Observatory.  Both  of  these  spectroseopists  introduceil  modifications  and  improvements  of  the 
instrument  —  Mr.  Evershed  constructing  a  direct-vision  s[)ectroheliograph  of  remarkable  simplicity 
and  beauty,  and  M.  Deslandres,  with  a  ditfereut  ty[)e  of  instrument,  obtaining  photographs  of  great 
excellence. 

Certain  defects  of  construction  in  the  Kenwood  spectroheliograph,  which  nevertheless  did  not 
prevent  it  from  yielding  some  thousands  of  photographs  of  prominences  and  calcium  flocculi,  were 
incident  to  the  circumstances  which  governed  the  design  of  the  instrument.  For  the  earlier  experi- 
ments in  solar-})rominence  photogra[)hy,  a  large  plane  grating  spectroscope  had  been  constructed,  with 
collimator  and  observing  telescope  rigidly  fixed  at  an  angle  of  twenty-five  degrees.  The  simplest  and 
best  form  of  spectroheliograi)h,  first  illustrated  by  the  instrument  used  in  my  experiments  on  Mount 
Etna  in  1S94:,'  is  that  in  which  the  whole  instrument  moves  as  a  single  structure,  the  solar  image  and 
photographic  plate  being  fixed  in  position.  The  large  size  of  the  Kenwood  solar  spectroscope,  and 
the  necessity  of  attaching  it  rigitlly  and  without  means  of  motion  to  the  twelve-inch  refractor,  pre- 
cluded the  possibility  of  employing  this  principle.  It  was  accordingly  decided  to  adopt,  as  the  best 
means  available  under  the  circumstances,  a  pair  of  moving  slits,  one  at  the  extremity  of  the  collimator, 
the  other  at  the  end  of  the  observing  telescope,  immediately  in  front  of  the  photographic  plate.  Thus 
while  the  first  slit  was  moved  (by  hydraulic  power)  across  the  fixed  solar  image,  the  secoud  slit,  con- 
nected with  the  first  slit  by  a  system  of  levers,  was  moved  with  the  spectrum  at  such  a  rate  that  the  K 
line  continued  to  pass  through  it,  building  up  a  monochromatic  image  of  the  Sun  on  the  photographic 
plate.  It  is  obvious  that  under  these  circumstances  the  motion  of  the  K  line  (usually  in  the  fourth- 
order  spectrum)  would  not  have  the  same  velocity  as  the  first  slit.  This  resulted  in  a  compression  of 
the  solar  image,  afterward  eliminated  by  a  simultaneous  motion  of  the  photographic  plate,  which  was 
displaced  during  the  exposure  by  an  amount  equal  to  the  dift'erence  between  the  long  and  short  axes 
of  the  oval  image  of  the  Sun. 

It  had  been  hoped  and  expected  that  the  interruption  in  the  daily  series  of  photographs  caused 
by  removal  to  the  Yerkes  Observatory  in  1896  would  be  of  short  duration;  but  unfortunately  this  did 
not  prove  to  be  the  case.  The  twelve-inch  refractor,  devoted  at  Kenwood  entirely  to  solar  work,  was 
needed  at  the  Yerkes  Observatory  for  general  purposes.  It  therefore  became  necessary  to  i-emove  the 
spectroheliograph  from  this  telescope,  and  to  modify  the  mounting  in  order  to  adapt  it  for  general 
observational  work.  The  spectroheliograph  was  remodeled  for  use  with  the  forty-inch  refractor  as  a 
solar  spectroscope,  and  it  was  expected  that  a  new  spectroheliograph,  large  enough  to  photograph  the 
seven-inch  (17.8  cm)  image  at  the  focus  of  this  telescope,  would  soon  be  ready  for  use.  But  the 
funds  required  for  the  construction  of  the  new  spectroheliograph  were  not  forthcoming,  and  when  it 
finally  became   possible   to  undertake  work   on   this  instriiment  (through  a  grant  from  the  Rumford 

^Astronomy  and  Astrojjhtjsics^  1894. 
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Fund,  and  the  gifts  of  friends  of  the  Ohservntory)  progress  was  slow,  owing  to  the  limited  funds 
availnhle.  For  a  si>ven-ineh  solar  image,  collimator  and  camera  len.ses  of  ahnnt  ten  inches  {'2')A  cnij 
a|K*rture  were  neetletl;  but  the  considi'nii>le  cost  of  such  lenses  remlered  their  |iurchase  im|Missilile, 
and  a  jwir  of  (>;J-inch  (15.7  cm)  Voigtlflnder  portrait  lenses,  obtained  from  second-hand  ilealers 
after  a  year's  search,  were  adopted.  With  lenses  of  this  aperture  it  is  evident  that  much  light  mu.st 
l)e  lost  at  the  extremities  of  the  slit,  and  that  the  resulting  image  of  the  Sun  must  therefore  be 
deficient  in  brightness  at  the  corres|xniding  limbs.  Even  after  the  lenses  had  been  secured,  the 
demands  of  other  phases  of  the  Observatory's  work  greatly  retarded  the  construction  of  the  instrument, 
and  it  was  not  until  the  latter  part  of  IS'.''.'  thai  it  was  ready  for  trial. 

THE  RUMFORD  SPECTROHELIOGRAPH» 

The  design  finally  adopted  was  reached  onh'  after  long  and  careful  consideration  of  the  sjx'cial 
conditions  of  the  problem.  As  has  already  been  stated,  the  ideal  form  of  spectroheliograj)!!  is  that 
in  which  the  instrument  is  moved  as  a  whole,  while  the  image  of  the  Sun  and  the  photographic  plate 
are  stationary.  It  was  impossible,  however,  to  use  an  instnnnent  of  this  kind  with  the  forty-inch 
refractor,  as  the  great  weight  of  the  moving  parts  would  have  thrown  the  telescoi>e  into  vibration, 
thus  preventing  good  images  from  being  obtained.  The  only  feasible  solution  of  the  problem  seemed 
to  require  that  the  motion  of  the  Sun's  image  across  the  first  slit  be  produced  by  a  uniform  motion  of 
the  telescope  tube  in  right  a.scension  or  declination,  the  photographic  plate  being  moved  at  the  same 
time  across  the  second  slit.  The  obvious  mechanical  difficulties  of  carrying  this  plan  into  effect  with 
a  telescope  sixty-four  feet  (lll.o  m)  in  length  were  not  overlooked  at  the  time,  but  it  seemed  necessary 
to  meet  these  difficulties  and  to  endeavor  to  overcome  them  by  the  best  means  at  command.  The 
slow-motion  electric  motors  provided  by  Messrs.  Warner  &  Swasey  could  e%'idently  be  adapted  to 
produce  the  necessary  motion  of  the  solar  image  and  plate.  For  certain  reasons  it  would  have  been 
preferaV)le  to  move  the  instrument  in  right  ascension.  But  the  necessity  of  connecting  the  photo- 
graphic plate  directly  with  the  slow-motion  motor  led  to  the  choice  of  the  declination  motor,  as  this 
is  mounted  on  the  tube  in  such  a  |)osition  that  a  shaft  could  be  run  from  it  to  (lie  lowir  end  of  the 
telesco[>e,  while  the  right-ascension  motor  is  mounted  on  the  declination  sleeve,  at  a  considerable 
distance  from  the  telescoj)e  tub«^  It  would  therefore  be  difficult  to  connect  it  in  any  simj)le  way  with 
the  screws  which  drive  the  plate-carriage. 

A  photograph  of  the  spectroheliogra|)h  is  reproduced  in  Plate  I.  It  will  1m>  seen  that  it 
consists  e.s.sentially  of  a  heavy  circular  iron  c-asting.  below  which  extends  a  skeleton  frame,  which 
supjKjrts  the  collimator  and  camera  tubes  and  the  cast-iron  bracket  that  forms  the  base  of  the  prism 
Ixjx.  When  in  use  on  the  telescope  the  instrument  is  borne  liy  the  large  ring,  supjwrted  by  four 
tub€>8.  which  is  used  to  carry  all  of  the  spectr(jscoj)es  and  other  heavy  attachments  employed  with  the 
forty-inch  refractor.  This  ring  can  be  racked  in  and  out  along  the  axis  of  the  telescope,  thus 
(termitting  the  first  slit  of  the  s|)ectroheliograj)h  to  be  set  in  the  focal  plane  of  the  forty-inch  objective 
<-orres|Kjnding  to  light  of  any  desired  wave-length. 

Sills. — The  two  slits  of  the  S|)ectrolieliograpli  are  each  eight  inches  long,  curved  as  described 
Ixdow.  The  first  slit  is  of  very  simple  construction,  one  jaw  Ix'ing  fixed,  the  other  movable  by  a 
micrometer  screw.  The  jaws  are  df  brass,  nickel  plated  and  |K>lished  so  as  to  reduce  the  heating  by 
the  Sun,  which  is  very  great  on  account  of  the  large  diameter  of  the  image.  In  the  first  experiments 
with  the  iuKtrument  it  was  found  that  as  the  Sun  moved  slowly  across  the  slit  the  heating  of  the  jaws 
caUHcd  Ihem  to  come  together  along  the  central  part  of  the  slit,  thus  cutting  otf  the  light  from  jiarts 
of  the  j»lat«  during  the  ex|K>8ure.  This  ilifficulty  was  remedied  by  numnting  a  light  metallic  screen, 
pierciMl  by  n  l<mg  narrow  window,  a  short  distance  in  front  of  the  slit. 

.a>*  bu  bono  sdoptod  in  raeocoitlim  of  tbo  irraot  of  tbo  Rumrunt  CuniDiittoe 
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Duriiiij;  the  long  exposures  re(]uiriil  in  ]ilu)toj^ra|iliiii^'  tlic  cliruiiiosiilicii'  ami  prominences  at 
till'  limb,  it  is  desiraVilo  to  exclude  the  direct  liglit  of  the  Sun's  disk  from  the  c(jllimator.  With  such 
au  iustrument  as  the  Kenwood  spectroheliograph,  where  the  image  of  the  Sun  is  tixed  with  reference 
to  the  coUimatoi-,  this  can  be  done  verj'  simply  by  means  of  a  metallic  disk,  slightly  smaller  in 
diameter  than  the  Sun's  image,  sup|icirteil  directly  in  fi'oiit  of  the  slit.  Tn  the  Kumford  spectro- 
heli()gra|ih.  Imwever.  the  Sun's  image  moves  across  the  slit  during  the  exposure.  For  this  reason 
the  occulting  tlisk  must  be  moved  during  the  exposure  at  the  same  rate  as  the  Sun's  image.  This  is 
accomplished  by  mounting  the  disk  on  a  light  carriage,  which  moves  a  little  above  the  first  slit.  The 
motion  of  this  carriage  is  produced  by  a  rod  connecting  it  with  the  j)late-carriage,  whicli  moves 
behind  the  second  slit  and  contains  the  photographic  plate.  The  length  of  the  arm  connecting  the 
two  carriages  can  he  varied  by  means  of  a  rack  and  [)inion,  thus  permitting  the  Sun's  image  to  be 
kept  central  on  the  disk,  even  if  there  is  sfmie  drift  of  the  image  (due  to  imperfect  adjustment  of  the 
driving-clock)  during  a  long  exposure. 

The  second  slit  is  similar  to  the  first  slit,  but  additional  adjustments  are  provided.  As  in  the 
case  of  the  first  slit,  one  jaw  is  fixed,  while  the  other  is  opened  by  means  of  a  micrometer  screw,  so 
extended  that  its  divided  head  projects  from  the  end  of  the  light-tight  box  in  which  the  plate-carriage 
slides.  A  second  screw,  also  provided  with  a  graduated  head,  permits  the  second  slit  as  a  whole  to 
be  moved  parallel  to  itself.  This  greatly  facilitates  the  setting  on  the  spectral  lines,  which  is 
accomplished  in  the  manner  described  below. 

Both  the  fii-st  and  the  second  slits  are  provided  with  means  of  rotation  in  their  own  plane. 
These  permit  the  first  slit  to  be  made  parallel  to  the  refracting  edge  of  the  prisms,  and  the  second 
slit  to  be  made  parallel  to  the  spectral  lines.  The  latter  adjustment  must  be  made  with  great 
accuracy,  on  account  of  the  considerable  length  (8  inches  =  20.3  cm)  of  the  slit  and  the  spectral  lines. 
The  dilBculty  is  increased  by  the  fact  that  the  box  containing  the  plate-carriage  and  the  second  slit 
must  be  removed  from  the  spectroheliograph  whenever  this  instrument  is  detached  from  the  telescope. 
When  replaced  on  the  spectroheliograph.  the  box  is  rotated  until  a  projecting  arm  comes  in  contact 
with  a  strong  adjustable  stop.  In  practice  little  difficulty  is  experienced  in  securing  and  retaining 
the  necessary  parallelism  of  the  slit  and  the  lines. 

In  a  spectroheliograph  of  this  size  the  curvature  of  the  slits  necessarily  plays  an  important  part. 
It  is  obvinus  that  if  the  first  slit  were  straight  and  the  second  slit  were  given  the  necessary  curvature 
(twice  that  of  the  lines  in  Fig.  1,  Plate  II)  the  image  of  the  Sun  would  be  greatly  distorted,  flattened 
on  one  side  and  drawn  out  on  the  other.  In  the  present  instrument  a  method  of  overcoming  this 
difficulty,  suggested  several  years  ago  by  Professor  Wadsworth,*  was  adopted.  The  curvature  was 
equally  divided  between  the  first  and  second  slits,  and  the  direction  of  the  motion  of  the  photographic 
plate  was  made  the  same  as  that  of  the  Sun's  image.  A  little  consideration  will  show,  when  the 
optical  train  of  the  instrument  is  taken  into  consideration,  that  this  plan  will  eliminate  the  distortion 
of  the  image  which  would  be  expected  to  result  from  the  use  of  curved  slits.  It  is  only  necessary 
that  the  collimator  and  camera  lenses  be  of  the  same  focal  length,  and  that  the  speed  of  the  solar 
image  and  plate  be  equal,  in  order  that  cii-cular  and  undistorted  photographic  images  may  be  obtained. 
When  the  curved  first  slit  is  used  the  curvature  of  the  lines  corresponds  with  that  shown  in  Fig.  1. 
Plate  II,  which  is  a  full-size  reproduction  of  a  photograph  of  the  solar  spectrum  taken  with  the 
second  slit  removed. 

Optical  jHiiis. — The  collimator  and  camera  lenses  are  of  the  portrait-lens  type,  by  Voigtlander. 
They  are  of  equal  aperture  and  focal  length  and  may  be  focussed  singly  or  together  by  means  of  a 
rod  connecting  the  pinions  which  move  each  lens  in  its  tube.  The  collimator  and  camera  tubes  are 
provided  with  a  large  number  of  diaphi'agms,  which  etfectually  prevent  reflection  of  light  from  the 
inside  of  the  tubes,  a  point  of  great  importance  in  the  design  of  spectroheliographs. 

*  W.  H.  Whight,  Astrophusical  Journal,  Vol.  V  (1899),  p.  325. 
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After  passing  through  the  collimator  lens  the  rays  meet  a  plane  mirror.  From  this  thf y  are 
refli-ctetl  to  the  first  of  two  prisms  which,  in  coujuuctiou  with  the  mirror,  give  a  total  deviation  of  180° 
when  the  prisms  are  at  minimum  deviation  for  the  line  in  use  (Fig.  1).  As  ordinarily  employed, 
the  mirror  and  prisms  are  oliim|H;'d  in  |K>sition  for  the  K  line.  But  if  it  is  desired  to  pass  to 
another  jvirt  of  the  siH?ctrum,  the  prisms  are  tirst  set  at  niininuuu  deviation  for  the  desired  wave- 
length, the  setting  biMUg  made  with  the  aid  of  a  pointer  moving  over  a  scale  on  the  lower  face  of  the 

prism  box.  The  mirror  is  then  moved  along  the 
axis  of  the  collimator  until  a  jxisition  is  reached  in 
which  light  of  the  desired  wave-length,  when  re- 
flected from  the  center  of  the  mirror,  will  jiass  cen- 
trally through  the  prisms  at  mininumi  deviation. 
The  |)osition  of  the  mirror  is  read  off  on  a  scale  on 
the  top  of  the  jtrism  box  (Fig.  1  is  from  a  photo- 
graph taken  with  the  top  of  the  box  removed).  The 
mirror  is  rotated  by  means  of  a  tangent  screw,  con- 
trolled by  the  observer  at  the  second  slit  by  a  rod 
jinssing  up  through  the  frame  of  the  spectrohelio- 
graph  (Plate  1).  The  tangent  screw  and  the  top  of 
the  prism  box  can  be  removed  in  a  uioniont,  thus 
giving  easy  access  to  the  interior.  Diaphragms 
within  the  prism  box  prevent  diffuse  and  reflected 
light  from  reaching  the  camera  lens. 

The  relative  position  of  mirror  and  prisms  is  of 

importance,   and   in   this  res]>ect   the   present    spec- 

ti(>heliogra[)li  is  a  distinct   inii)rovement   upon   the 

instrument  used  in  my  experiments  on  Mount  Etna. 

In  the  case  of  that  instrument  the  mirror  (there  in 

the  form  of  a  reflecting  prism)  stood  in  front  of  the 

camera  lens,  whereas  in  the  present  instrument   the  mirror  is  placed  in  front  of  the  collimator  lens. 

With  this  latter  arrangement  the  diffuse  light  from  the  mirror  is  disperseil  and  thus  greatly  reduced 

in  intensity  by  its  jmssage  through  the  two  ])risms. 

In  this  connection  it  may  be  remarked  that  one  of  the  most  imi>oitant  elements  of  spectrohelio- 
graph  design  is  the  question  of  diffuse  and  reflected  light.  Too  much  care  cannot  bt?  taken  to  eliminate 
it,  Ixjth  by  devices  such  as  have  been  suggested  in  the  case  of  the  mirror,  and  by  a  thorough  use  of 
diaphragms  and  other  similar  means  of  jirotection.  A  thorough  study  of  this  question  has  been  made 
with  wveral  siH-ctroheliographs  euqiloyed  with  the  forty-inch  refractor.  During  llu'  test  of  the  Kum- 
ford  8|jeclroheliograph  two  other  6i)ectroheliographs  of  different  design  were  available  for  comparison 

with   it.     The   moving  slits,    which    had   been   removed    from   the   Kenw 1   spectroheliograph,   were 

replaced,  ]>ermitting  it  t(j  be  enqiloyed  for  i)h<jtographing  small  areas  of  the  large  solar  image.  A 
B|»ectroheliograph  of  the  Littrow  form  suggested  l)y  Newall'  was  also  constructetl.  But,  in  spile  of 
every  precaution  to  eliminate  diffuse  and  reflected  light,  including  moililications  of  Mr.  Newall's 
•  '     '  '  ■     ;  '         the  tirst  and  second  slits  at  a  considerable  distance  froni  the  principal  axis  of  the 

I  lion  of  a  very  complete  system  of  diiqiiiragnis;  and  the  use  of  a  scn-en  covering 
the  central  part  of  the  joint  c<jllinnilor  and  camera  lens  (for  the  pur|)o»e  of  preventing  light  due  tt) 
internal  reflcdioim  from  reaching  the  wcond  slit)  —  so  much  scalb-red  light  renniined  llnil  Ihe  photo- 
gmpliM  did  not  hIiow  Kiitisfnctory  contrast.  The  Kenwo(jd  H|K-ctroheliograph  was  also  deticieiil  in  this 
rf«|iei't,  ait  the  illuminated  fac«-  of  the  grating  (or  that  of  the  HO"  reflecting  prism  sometiuii>8  employed 
ill  ita  Htt-iul)  could  bo  aetMi  diriH:tly  from  the  He<-ond  slit. 

>  Itoe.  Oumbri.lvc  I'kil.  Hue.,  Vol.  IS  (UMi.  p. !». 
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In  (he  Rimilnril  spectroheliograph,  as  lias  been  remai'ked,  these  difficulfics  do  not  exist,  and  the 
rosiiltin<jf  lihotd^'iaphs  clfaily  sliow  flic  advaiita<f('s  of  this  iiiHtrniiicnt.  cither  for  work  with  two  prisms 
and  a  mirror,  or  for  that  demanding  the  higher  dispersion  ohlained  when  a  grating  is  substituted  for 
the  miri'or. 

The  question  of  the  best  dispersion  for  a  spectroheliograph  is  one  which  has  been  considerably 
discussed,  notably  by  Michelson.''  As  shown  iu  his  [laper,  the  contrast  should  increase  with  the 
resolving  power  up  to  a  certain  point,  defined  by  several  conditions,  the  ])rincip!il  of  which  is  the 
width  of  (he  spectral  line  employed.  In  the  case  of  tlu'  caiciiiiii  flocculi.  a  coniparatively  small  resolv- 
ing powm-  is  sufficient  to  give  the  liest  results.  On  the  whole,  it  is  prcjbablc  that  no  imporfaiit 
advantage  will  be  gained  in  this  case  by  increasing  the  resolving  power  above  that  of  two  GO  prisms 
(assuming  the  effective  limar  a|iiMlui-e  of  tlie  spectroheliograph  in  the  jdane  of  dispersion  to  be  as  great 
as  5  cm).  As  compared  with  gratings,  prisms  possess  certain  advantages,  though  they  are  not  free  from 
disadvantages;  In  general  they  have  the  decided  advantage  of  giving  a  brighter  spectrum,  in  which 
the  H  and  K  lines  are  visible,  and  the  diffuse  light  is  also  less  than  with  most  "fratings.  On  the  other 
hand,  the  curvature  of  flic  spectral  lines  is  much  more  marked  than  with  gratings,  and  this  circum- 
stance seriously  affects  the  design  of  the  spectroheliograph.  On  the  whole,  prisms  are  usually  to  lie 
preferred  to  gratings. 

The  need  of  high  dispersion  is  most  manifest  when  the  dark  lines  of  the  solar  sj)ectruni  (with 
the  exception  of  the  broad  H  and  K  bands)  are  to  be  employed  in  photographing  the  Sun's  disk.  As 
these  lines  are  dark  only  by  contrast,  it  is  of  course  possible  to  obtain  monochromatic  images  corre- 
sponding to  them  with  the  spectroheliograph.  But  in  order  that  these  images  ma}'  represent  the  gas 
or  vapor  which  gives  rise  to  the  line,  it  is  absolutely  essential  that  the  dispersion  be  great  enough  to 
make  the  line  wider  than  the  secoiul  slit,  in  order  that  no  light  from  the  continuous  spectrum  on  either 
side  of  the  dark  line  may  fall  upon  the  plate.  Misleading  results  will  be  obtained  unless  this  condi- 
tion is  fulfilled.  In  this  case,  therefore,  the  dispersion  of  one  or  two  prisms  will  not  suffice,  unless  a 
camera  much  longer  than  that  of  the  Rumford  spectroheliograph  be  used.  The  necessary  increase  of 
dispersion  is  obtained  in  a  very  simple  manner  in  the  Rumford  spectroheliograph.  A  large  plane 
grating,  having  the  usual  adjustments,  is  mounted  on  a  support  which  can  be  substituted  in  a  moment 
for  the  support  of  the  mirror  in  the  prism  box.  The  grating  employed  has  20,000  lines  to  the  inch 
(7874  to  tlie  cm)  on  a  ruled  surface  2^x3|  inches  (0(5  X  1*5  mm).  Any  line  in  the  first-order  spectrum 
can  be  made  to  fall  on  the  center  of  the  first  prism,  whence  it  is  transmitted  at  minimum  deviation 
through  the  two  prisms  of  the  train.  This  adds  the  dispersion  of  the  grating  to  that  of  the  prisms, 
and  has  the  additional  advantage  of  reducing  the  diffuse  light  of  the  grating  to  a  minimum.  With 
the  grating  at  present  employed  the  lines  of  the  ruled  surface  are  not  long  enough  to  permit  the  entire 
length  of  the  first  slit  to  be  used:  a  zone  of  the  solar  disk  only  about  2.5  inches  (ti.4:  cm)  wide  can 
be  photographed  in  this  way.  The  dispersion  is  sufficient  to  enable  photographs  to  be  taken  through 
such  lines  as  those  of  hydrogen,  \  4226.9  (fV(),  X  43S3.7  (Fc).  and  a  few  other  of  the  more  intense 
lines.  In  order  to  use  narrower  lines,  still  higher  dispersion,  which  is  now  being  provided  for  in 
another  spectroheliograph,  will  be  required. 

In  the  case  of  the  prominences,  the  high  dispersion  of  a  grating  or  of  several  prisms  is 
frequently  advantageous  (except  in  eruptions,  where  the  lines  are  distorted  through  motion  in  the 
line  of  sight),  since  the  H  and  K  lines  are  narrower  in  the  prominences  than  iu  the  flocculi,  and  are 
therefore  less  widened  by  dispersion ;  hence  high  dispersion  increases  the  contrast  by  decreasing  the 
relative  brightness  of  the  sky  spectrum.  This  advantage  is  nevertheless  partly  offset  by  the 
disadvantage  arising  from  the  longer  exposure  required  when  high  dispersion  is  used. 

Motion  of  solar  image  and  plate. — In  their  original  design  of  the  mounting  for  the  forty-inch 
refractor  Messrs.  Warner  &  Swasey  provided  electric  motors  for  the  slow  motions  in  right  ascension 

^  AstrophysicaJ  Journal,  Vol.  I  (1895),  p.  1. 
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and  declination.  Those  have  proved  exceedingly  useful.  es|K'cinliy  in  wcnk  witli  llu-  stellar  s]HHtio- 
fp-anh.  where  they  are  employed  to  keej)  the  star  accurately  centered  on  the  slit  throughout  the 
exiK>sure.  In  order  to  fttln|)t  the  declination  motor  for  the  purjxises  of  the  ppectroheliogrn]th.  it  was 
pnividtnl  with  two  sets  of  change  gears,  <lesigned  by  Mr.  Ritchey  and  constructed  in  the  instrument 
shop  of  the  Oljservatorv.  The  motion  of  the  focal  image  of  the  Sun  ])roduced  l)y  the  uiotor  when 
these  gears  are  emploved  is  alMiut  one  minute  of  arc  in  four  seconds  and  twenty-four  seconds  of  time 
resiHH'tively.  The  motion  of  the  tele.sco|)e  when  driven  by  the  motor  was  thorougiily  tested,  before 
the  s|x'ctroheliograph  was  designed,  liy  photographing  the  trails  of  bright  stars.  It  was  found  to  be 
steady  antl  uniform,  the  slight  jarring  of  the  tube  caused  by  tln'  motor  prndncing  no  apparent  ftfect 
u|K»n  the  ])hotographs. 

The  motion  of  the  photographic  jilate  Viehiud  the  second  slit,  wliicli  must  corresjwnd  exactly 
with  the  motion  of  the  solar  image  over  the  first  slit,  is  producetl  by  a  shaft  extending  down  the 
telesco|)e  tube  from  the  declination  motor,  to  which  it  is  connected  by  suitable  gearing.  This  shaft 
runs  in  ball  bearings,  and  with  the  two  speeds  of  the  motor  makes  one  revolution  in  seven-tenths  of 
a  second  and  in  four  seconds  resiwctively.  Various  means  of  driving  the  photographic  plate  through 
the  motion  of  this  shaft  have  been  employed.  These  include  a  double  Hookes  joint;'  a  worm  gear 
mounted  on  a  l)racket  on  the  spectroheliograpli  ring  at  the  lower  end  of  the  shaft,  which  drove  a 
drum  on  which  was  w<jund  a  steel  tape  connecti-d  directly  with  the  plate-carriage;  and  a  grooved  pulley 
connected  by  a  round  leather  belt  with  a  pulley  at  the  end  of  the  light-tight  box  in  which  the  plate- 
carriage  moves.  This  last  arrangement  is  the  one  now  employed.  The  motion  of  the  carriage  is 
pnxluced  bv  means  of  two  .screws,  each  of  one  millimeter  pitch,  which  riin  longitudinally  through  the 
box  containing  the  carriage,  and  are  connected  with  the  carriage  by  means  of  split-nuts  which  can  be 
o[)ened  and  closed  by  keys  on  the  outside  of  the  box.  The  pulley  on  which  the  leather  belt  runs  is 
attached  to  a  spur  gear,  which  engages  with  two  other  spur  gears  of  equal  diameter  on  the  projecting 
ends  of  the  screw  shafts.  As  the  two  grooved  pulleys  are  nearly  equal  in  size,  the  number  of 
revolutions  of  the  screws  corres[)onds  closely  with  the  number  of  revolutions  of  the  shaft  on  the 
telescope  tube.  The  exact  adjustment  of  the  speed  of  the  plate  to  that  of  the  solar  image  is  secured 
by  giving  these  pulleys  the  proper  relative  diameter.s.  The  circidarity  of  the  solar  image  on  the 
photograph  gives  an  accurate  means  of  testing  this  adjustment. 

From  the  outset  serious  difficulty  has  been  experienced  in  producing  an  absolutely  uniform 
motion  of  the  |)late,  which  would  result  in  a  photograph  free  from  lines  or  regions  of  varying  density 
|iarallel  to  the  slit.  These  ditficulties  greatly  retarded  the  completion  of  the  instrument,  and  though 
almost  wholly  eliminated  at  the  present  time,  lines  about  one  millimeter  (or  less)  apart  sometimes 
ap|>ear  on  the  photograjihs  taken  with  the  telescope  in  certain  jwsitions.  The  end-thrust  bearings  of 
the  screws  have  Ikh-u  found  to  be  the  most  sensitive  factor  in  the  production  of  these  lines.  Many 
changes  have  Ix-en  nnide  in  the  screw  and  its  bearings,  the  nuts  and  their  supjHirts,  the  plate-carriage 
and  the  wheels  on  which  it  rolls,  etc.  The  recent  substitutiuTi  .it  two  screws  for  the  single  screw 
formerly  employed  to  drive  the  carriage  has  almost  wholly  eliminated  the  lini-s.  When  the  seeing  is 
go<j<l  and  the  plates  show  fine  detail,  they  are  usually  barely  visiiile  or  altogether  absent,  but  p»Rir 
definition  rentiers  them  more  conspicuous.  Care  must  ix-  taken  to  discriminate  iM-tween  ap|K'arance8 
Bometimi^H  pnxluce«l  by  these  lines  and  those  which  are  <<{  truly  solar  origin. 

The    ■  ■     is   nioun;<d   on   ball-bearing   wheels    running   on    V-shaped    ira<-ks.      The    plate- 

holder  is  p  .    the  carriage  through   a  door  at   one  end  of  the   light-tight   camera  Ik)X.      When 

thus  inserted  it  is  lield  against  the  back  of  the  carriage  by  springs.  After  closing  the  d«Kir.  wliii-h 
fomiH  n  light-tight  j-onlact  with  the  cloth-covered  end  of  the  plate-holder  when  the  carriage  is  at  the 
end  of  the  l>ox,  a  small  sliding  <liH)r  is  optMied.  Through  this  the  slide  in  front  of  the  plate  can  Im* 
withdrawn   without  admitting  light    to   the  box.      After  the   sliding  door    is  dosed,   the   carriagt-   is 

<  Kbown  lo  •  |>li<i«u«ra|>li  ul  Iho  •pnetrukolliwriiiili  n-imidoeml  In  (lie  .Ulniithyinil  Journnl.  Vul.  \VI  i  im.').  I'InU'  Vll. 
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moved  a  short  distaiico  forward  on  Hit'  tracks,  and  thi-  plate-lioldcr  is  pushed  down  in  the  carria'^c  l)y 
two  screws,  turned  tiv  sci'ew  drivers  wliicli  project  throuf^li  the  back  of  tlie  camera  })ox.  Tliis  \nhi<^H 
the  tilui  (if  tlie  phdii  nri-;i|ihic  plali'  ulninst  in  cinitacf  with  tlie  jaws  of  Ihc  sccdud  slit,  which  we  may 
suppose  to  Ik'  set  on  the  K  line.  The  split-nuts  are  then  clamped  to  the  drivin<^  screws  and  tlie  motor 
started.  The  Sun's  image  then  moves  across  the  first  slit,  while  tlie  phot(jgraphic  plate  moves  at  the 
same  rate  across  the  second  slit.  At  the  end  of  the  exposure  the  s])lit-iiuts  are  undamped  and  the 
plate-carriage  moved  ])ack  to  the  jiniut  where  tlie  screws  whic-ji  liold  the  |ilate  forward  in  the  carriage 
may  he  released.  After  releasing  the  screws  the  plate-carriage  is  moved  to  the  end  of  its  run,  the 
sliding  door  opened,  and  the  slide  inserted  in  the  plate-holder.  The  hinged  door  may  then  be 
opened,  and  the  plate-holder  removed  fnini  the  carriage. 

Method  of  scUiiiji  flir  second  slit  on  a  tine. — An  important  element  in  the  design  of  any 
spectroheliograph  is  the  means  provided  for  setting  the  second  slit  upon  any  desin-d  line  in  the 
spectrum.  In  the  numerous  forms  of  spectroheliogra{)hs  which  I  have  designed,  vari(jus  methods  of 
accomplishing  this  have  been  employed.  Two  methods,  the  choice  of  which  depends  upnn  the 
character  of  the  line  selected,  are  used  in  the  Kumford  spectroheliograph.  A  couipfnind  microscojie, 
of  variable  magnifying  power,  is  mounted  opposite  the  second  slit  on  the  camera  box.  This 
microscope  is  supported  on  a  strip  of  metal  running  in  guides,  which  permit  it  to  be  displaced 
in  a  direction  at  right  angles  to  the  second  slit.  The  microscope  is  focused  on  the  lines  of 
the  spectrum  when  seen  through  the  widely-opened  slit.  Under  these  conditions  the  jaws  of  the 
second  slit  will  be  sufficiently  well  in  focus,  as  the  focal  plane,  corresponding  with  the  jKJsition  of 
the  film  when  the  plate  is  piished  forward,  almost  coincides  with  the  jilane  of  the  slit  jaws.  The 
mirror  or  grating  is  rotated  by  means  of  the  tangent  screw  until  the  desired  line  enters  the  field  of 
view.  A  single  thread,  in  the  filar  micrometer  of  the  microscope,  is  brought  into  accurate  coincidence 
with  the  spectral  line  by  means  of  the  micrometer  screw.  The  second  slit  is  then  closed  to  the 
desired  width,  and  moved  as  a  whole  until  it  coincides  with  the  micrometer  thread.  Under  these 
circumstances  it  must  coincide  with  the  line  on  which  this  thread  has  previously  been  set. 

When  using  the  K  line  it  is  usually  more  satisfactory,  on  account  of  the  faintness  of  the 
spectrum  and  the  loss  of  light  in  the  microscope,  to  bring  the  line  into  position  on  the  slit  with  the 
aid  of  a  simple  hand  magnifier.  H  is  more  easily  seen  than  K,  and  since  it  gives  equally  good 
results  with  the  Rumford  spectroheliograph,  it  is  now  regularly  employed." 

As  the  H  and  K  lines  are  nearly  at  the  extreme  limit  of  vision,  it  is  sometimes  advantageous  to 
make  the  first  slit  tangential  to  the  solar  image,  where  the  bright  reversal  of  the  line  may  be  seen. 
This  may  be  set  upon  more  accurately  than  the  broad  dark  shade.  The  use  of  a  fluorescent  eyepiece 
might  facilitate  setting  on  the  H  and  K  lines.  The  expedient  of  setting  on  a  line  by  the  aid  of  the 
overlapping  spectrum  may  sometimes  prove  useful  when  a  grating  is  used  without  prisms.  In  the 
Rumford  spectroheliograph  this  method  is  not  available,  since  a  grating  is  used  only  in  conjunction 
with  prisms,  which  effectually  eliminate  the  overlapping  spectra. 

When  it  is  desired  to  photograph  the  calcium  vapor  at  different  levels  in  the  flocculi,  the 
method  described  on  p.  16  must  be  employed.  This  requires  that  the  second  slit  be  set  at  various 
points  on  the  broad  H  or  K  bands,  at  known  distances  from  the  center.  If  we  assume  that  the  first 
photogi'aph  of  a  series  corresponding  to  different  levels  is  made  with  the  second  slit  set  at  the  center 
of  the  H  band,  successive  photographs  may  be  obtained,  without  removing  the  plate-holder  from  the 
carriage,  by  moving  the  second  slit  as  a  whole  through  any  desired  number  of  divisions  of  the 
micrometer  head  of  the  screw  connected  with  it.  This  method  is  much  more  rapid  than  repeated 
settings  with  the  microscope  would  be,  thus  permitting  various  stages  of  a  rapidly  changing  disturb- 
ance to  be  photographed. 

8  Since  K  is  brighter  than  H,  it  would  usually  be  preferred  with  telescopes  which  absorb  less  light  of  this  wave-length.  The  flocculi 
seem  to  have  the  same  form  in  images  obtained  with  either  of  these  lines. 
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For  work  in  the  iiltra-violi't.  wliciv  tlu-  lines  tnnnot  be  directly  observed,  the  expedient  mny  be 
employed  of  photogriiphinj;  the  spectrum  and  measiirin<;  tlie  distance  on  the  plate  from  a  known  line 
in  the  visible  sjioctrum  to  the  desired  Hue  in  (he  ultra-violet.  An  auxiliary  microscope,  provided 
with  n  riwht-angle  prism,  and  |)rojecting  through  tlu'  side  of  the  camera  tube  so  as  to  receive  light 
fnim  the  siRH-tnim  on  one  side  of  the  second  slit,  may  then  be  placed  nt  a  position  corresiKmding  to 
this  measured  ilistance.  and  the  setting  effected  l)y  bringing  the  visible  line  into  coincidence  with  a 
thread  in  the  eyepiece  of  this  microscojie.  If  the  distance  is  not  too  great,  the  same  thing  can  be 
accomplished  by  oljserviug  the  visible  line  through   a  small  door  in  the  brass  plate  which  carries  the 

s<>c4)nd  slit. 

Photographs  may  Ik-  made  simultaneously  in  two  or  more  lines,  if  certain  conditions  be  fultilled. 
The  most  imiM^rtant  requirement  is  that  the  solar  image  shall  be  in  focus  on  the  first  slit  for  each  of 
the  wave-lengths  in  tjuestion.  Except  in  the  case  of  two  lines  symmetrically  placed  on  opposite  sides 
of  the  iK)int  of  inflection  of  the  color  curve  of  the  telescope  objective,  this  condition  cannot  be  fulfilled 
with  an  instrument  like  the  forty-inch  Yerkes  refractor,  where  the  color  curve  is  very  steep  in  the 
blue  and  violet.  For  this  reason  no  t'X])eriments  in  this  direction  have  as  yet  been  attempted  with 
the  Rumford  sjiectroheliograph.  With  the  new  .Snow  horizontal  telescope  the  exclusive  use 
of  mirrors  should  eliminate  the  difficulty  arising  from  chromatic  aberration,  and  render  such  work 
feasible. 

Ailjiixliiu-iits. — The  adjustments  of  the  Rumford  spectroheliograph  are  made  as  follows: 

1.  Sfiuiire  up  the  prisms  on  their  li^veliiif,'  screws  iiy  ob.serviuf?  reflections  from  the  three  faces. 

2.  S<|uare  up  the  mirror  l)y  observiuf,'  the  iniaf^e  of  a  fine  wire  fastenwl  across  the  center  of  the 
Krst  slit. 

3.  Focus  the  collimator  by  obseniiig  the  image  of  a  wire  retuim-d  to  tli<'  i)1mii.'  of  the  slit  by  the  mirror 
standing  normal  to  the  axis. 

4.  Detemiiue  the  position  of  iniuiuiinn  deviation  of  the  ])risuis  for  tiie  H  line. 

5.  FociLs  the  camera  by  i)hoto;,'rapliing  the  solar  or  sky  spectnun  in  the  H  rejrion. 

0.  Di'termine  the  magnification  parallel  to  the  slit  by  placinfx  wires  across  the  first  slit.  photo<,'raphing  the 
spectrum,  and  comparing  the  distances  between  lines  on  the  photographs  with  the  distances  betwinii  tin-  wires 
tlieins«'lves. 

7.  f'hi-ck  the  adjustment  of  the  mirror  by  ijlacing  a  wire  across  the  center  of  the  first  slit  ami  nming 
wbi-ther  till-  image  falls  at  the  center  of  the  seeond  slit. 

8.  Make  the  first  slit  per|XMidicular  to  the  direction  of  dispersion  by  placing  a  wire  across  the  center. 
phofogniphing  the  spectrum  with  the  slit  at  various  position  angles,  and  measuring  the  plates  to  find  whether 
lli<"  centnd  lini-  is  jM-rpiiidicular  to  a  tangent  at  the  center  of  the  cur\-ed  .spectral  lines. 

1).  Readjust  the  prisms  for  niiriiuunn  deviation  of  H.  using  an  electric  arc  containing  calcium,  and 
re|»«-jit  (()i.  after  ref(x.-tLsing  l)y  Newall's  incth(jd. 

10.  Make  till-  .M-cond  slit  parallel  to  the  spectral  lines  Viy  observing  them  at  the  ends  and  center. 

11.  To  <letennine  whetlier  the  motion  of  the  plate  is  parallel  to  the  dirwtion  of  dispei-siou:  Make  a  .series 
of  pliotogniphs  of  the  siM-clruni  with  wide  second  slit,  moving  the  carriage  iH-twwn  exposures.  Determine  by 
measurement  wliether  the  dust  lines  are  perpi-iiilicular  to  a  tangent  at  tla-  center  of  the  speetral  lines. 

12.  To  «el  the  first  slit  at  right  angles  to  the  motion  of  the  forty  inch  telesenpe  in  deelination:  Draw  on  a 
plate  in  the  vi«ual  focus  a  lino  perjjendicular  to  the  curveil  slit  at  its  central  point.  Si-t  the  teli'scope  on  the 
Sun,  and  rnlat4'  the  siMH-trohfliograph  in  position  angle  until  tin-  Sun's  liinl)  exactly  follows  this  liin'  wlu'ii  the 
i4-|i'»<v)|M-  JH  move<l  in  di-<'linaliiin  liy  the  motor. 

13.  A<ljiiM  the  spee<l  of  the  plate-carriage  until  th>'  diameters  of  the  solar  image,  as  measuretl  in  liilTerenl 
|Minition  nngl(!M,  are  wjiuil. 

li<>fore  making  tin  ..i....  adjustmetits  it  is  assunn-d  that  the  first  and  seeond  slits  have  been 
given  the  pr<j|»er  curvature  for  eliminating  distortion  of  the  inmge.  This  is  done  by  photographing 
the  H  line  through  the  widely  o|»ened  Bec<md  slit,  using  a  straight  first  slit.  The  curvature  of  the 
n  ■  inine«l  by  measurement  of  tin-  photograph,  ami  tin-  first  anil  seeond  slits  are  nmde 

of  ■  'if  eurvature. 
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PRELIMINARY   ACCOUNT    OF    RESULTS    OBTAINED   WITH    THE    RUMFORD    SPECTROHELIOGRAPH 

Although  the  in-cseut  paper  is  intendi'd  uminly  as  a  description  of  the  Eumford  spectroheliograph, 
it  seems  desirable  that  it  shoidd  be  atH'oiiipaiiied  by  some  reeent  photographs  of  solar  ])heiiomeiia.  since 
in  this  way  the  uses  of  the  sjieetroheliograph  for  various  classes  of  work  can  be  most  easily  made  clear. 
The  publication  of  the  photographs,  however,  necessarily  involves  Bome  preliminary  remarks  on  the 
working  hypothesis  which  has  been  employed  to  interpret  them.  The  hypothesis  is  used  mainly  as  a 
guide  to  further  research;  for,  while  it  seems  to  describe  in  a  fairly  satisfactory  manner  many  of  the 
phenomena  photogra])hed,  it  is  of  course  open  to  modilication  or  rejection  in  the  light  of  future  results. 

Prior  to  l!lt)3  the  spectroheliograph  was  used  for  experimental  ]iurposes,  the  numerous  photo- 
graphs obtained  during  the  Sun-spot  minimum  being  of  service  mainly  in  jierfecting  the  adjustments 
of  the  instrument.  It  had  been  expected  that  the  spectn)lieliogra{)h  would  be  transferred  from  the 
forty-inch  refractor  to  the  thirty-inch  coelostat  reflector  for  the  purposes  of  the  daily  record;  l)ut  the 
destruction  of  the  latter  instrument  by  fire  in  December,  1002,  prevented  the  realization  of  this  plan." 
The  work  with  the  forty-inch  refractor  was  accordingly  resumed  in  February,  11J03,  and  since  the  latter 
part  of  that  month  photographs  of  the  calcium  flocculi  have  been  made  on  each  clear  day  (Sundays 
usually  excepted).  Since  early  in  A[)ril  this  series  has  been  supplemented  by  a  daily  series  of  (low- 
level)  photographs,  made  with  the  slit  set  at  some  distance  from  the  center  of  the  H  or  K  band,  and 
since  May  16  photographs  have  been  made  as  often  as  possible  with  the  ///3  line.  In  addition  to  this 
routine  work,  many  photographs  of  special  regions  have  been  taken  in  a  study  of  the  calcium  va|)or  at 
various  levels,  and  some  results  have  also  been  obtained  with  the  calcium  line  X  4226.9,  the  iron  line 
X  4383.7.  and  with  various  other  dark  lines.  It  will  thus  be  seen  that  while  the  material  represented 
by  the  photographs  obtained  with  the  Eumford  spectroheliograph  is  not  yet  sufficient  for  extended 
generalizations,  the  variety  of  jihenomena  recorded  is  such  as  to  call  for  some  comment  here.  A  more 
complete  discussion  of  the  results  miist  be  reserved  for  a  future  occasion. 

ON  THE  NATURE  OF  THE  CALCIUM  FLOCCULI 

In  my  first  published  note  on  the  bright  calcium  regions  recorded  for  the  first  time  with  the 
Kenwood  spectroheliograph,  I  briefly  described  the  results  in  the  following  words: 

The  reversed  regions  are  of  great  extent,  and  in  appearance  closely  resemble  faculse.  Several  explanations 
may  be  suggested  to  accoimt  for  them.    They  may  be: 

1.  Ordinary  prominences  projected  on  the  disk. 

2.  Prominences  in  which  H  and  K  are  bright,  while  the  hydi-ogen  lines  are  absent. 

3.  Faculfe. 

4.  Phenomena  of  a  new  class,  similar  to  faculae,  but  showing  H  aud  K  Ijright,  and  not  obtained  in  eye 
observations  or  ordinary  photographs  because  of  the  brilliant  background  upon  which  they  are  projected.'" 

It  was  subsequently  shown  that  the  bright  calcium  regions  in  general  coincide  closely  with  the 
faculse,  aud  it  was  concluded  that  they  represent  the  hot  calcium  vapor  in  the  upper  part  of  the  faculse 
and  in  the  lower  part  of  the  adjoining  chromosphere.  Fig.  2.  Plate  II,  which  is  reproduced  from  a 
photograph  of  the  K  line  taken  at  the  Kenwood  Observatory,  shows  that  the  bright  reversals  of  the 
K  line  frequently  occur  in  regions  of  the  disk  where  the  continuous  spectrum  is  considerably 
strengthened.  These  regions  are  the  faculse  proper.  The  faculse,  though  apparently  but  little  brighter 
than  the  photosphei'e,  are  conspicuously  visible  near  the  Sun's  limb.  This  is  probably  due  to  the  fact 
that  they  reach  a  higher  level,  and  thus  escape  much  of  the  general  absorption  exercised  by  a  compara- 
tively thin  stratum  of  a  smoke-like  nature,  which  lies  in  close  contact  with  the  photosphere.  The  faculae 
are,  in  general,  the  regions  above  which  the  calcium  vapor  is  hottest  and  most  brilliant.  But  it  appeared 
later  that  the  calcium  vapor  is  not  confined  to  the  faculse,  but  extends  beyond  their  boundaries  and 

9  Through  the  generosity  of  Miss  Helen  Snow,  the  coelostat  reflector  has  been  rebuilt,  and  is  now  in  regular  use.  A  spectroheliograph 
will  soon  be  employed  with  it. 

w  Astronomy  and  Astrophysics,  Vol.  II  (1892),  p.  159. 
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frequently  occurs  in  regions  of  the  solar  disk  where  they  are  absent.  The  generally  close  coincidence 
of  the  cnk-iuui  clouds  with  the  fnculjp,  and  n  natural  hesitation  to  prnpusc  a  new  name  before  the 
results  obtained  with  the  si)ectroheliograi>h  had  been  sutiiciently  studiid,  led  uie  to  apply  this  term  to 
the  bright  calcium  regions  photographed  with  the  sijectroheliograph.  From  my  present  ixjint  of  view  I 
think  it  would  have  tended  to  clearness,  as  M.  Deslandres  has  pointed  out,  if  some  other  name  had 
l)een  adojited. 

M.  Deslandres'  latest  explanation  of  the  calcium  regions  is  undoubtedly  more  nearly  correct 
than  my  earlier  one,  though  at  the  time  I  did  not  appreciate  this.  His  solar  investigations  at  the 
Paris  C)l>servatory  were  contined  for  some  years  to  thv  photography  of  the  s])ectnim  of  various  ])arts 
of  the  Sun's  disk,  but  in  18'J4  he  undertook  work  with  the  spectroheliograph.  The  bright  reversals 
of  the  H  and  K  lines  photographed  by  M.  Deslandres  on  the  Sun's  disk  were  at  first  considered  by 
him  to  represent  the  prominences;  later  he  ascribed  them  to  bright  regions  at  the  base  of  the  promi- 
nences, and  finally  he  s{)oke  of  them  as  the  brighter  regions  at  the  base  of  the  chromosphere  projected 
on  the  disk.  This  last  designation  now  appears  to  me  to  describe  the  facts  much  more  accurately  than 
the  term  "faculaB"  (meaning  calcium  vapor  of  the  faculse)  at  first  Vimployed  by  myself.  In  suggesting 
the  term  flocciili  {Jlocfiiliifi,  dim.  of  floccits,  "&  bit  of  wool"),  to  distinguish  the  vapcjrous  clouds  photo- 
graphed on  the  disk  from  the  underlying  facuUe,  I  have  distinctly  avoided  the  use  of  a  name  which 
might  in  any  sense  be  taken  as  indicating  the  nature  of  the  phenomena.  A  glance  at  Plate  III  will 
show  that  the  word  is  more  or  less  descriptive  of  the  photographs,  so  far  as  their  ajipearance  is 
concerned."  It  is  necessary  to  .speak  of  calcium  flocculi,  hydrogen  flocculi.  etc..  as  the  photographs 
show  that  the  forms  of  the  various  vapors  in  the  same  part  of  the  ilisk  arc  not  identical.  Some  of  the 
phenomena  comprised  under  this  name  are  undoubtedly  prominences  seen  in  projection.  l)ut  most 
of  them  corresjKjnd  to  much  lower  levels,  near  the  base  of  the  chromosphere,  or  within  the  reversing 
layer. 

minute  stbuctuke  of  the  flocculi 

The  extensive  literature  which  embodies  the  long  discussion  regarding  the  '"willow  leaf"  and 
"rice  grain"  structure  of  the  photosphere  has  in  large  part  become  obsolete  since  the  publication  of 
Langley's  im[)ortant  pai)er  '"On  the  Minute  Structure  of  the  Solar  Photospheri'.'"  anil  of  Janssen's 
excellent  photographs,  now  generally  accessible  in  the  first  vohinic  of  tlie  Annals  of  the  Observatory 
of  Meudon.  After  sjwaking  of  the  cloud-like  character  of  the  photosphere,  Langley  goes  on  to  describe 
the  more  minute  details  in  the  following  words:'' 

Under  liiffh  jKjwt'rs  u.s<'d  in  favorable  moments,  the  surface  of  any  one  of  the  deecy  patches  is  resolved  into  a 
con^ries  of  small,  intensely  Ijright  Ixxlies,  irregularly  distritjuted,  which  seem  to  be  siuspended  in  a  comparatively 
dark  medium,  and  whose  definiteness  of  size  and  outline,  altliout,'h  not  alisolute,  is  yet  strikiuf;  by  contrast  with 
tin-  va>fiiiTi<*ss  of  the  cloiKi-fornis  seen  l)efore,  and  wliifh  we  now  ijcrcfivc  to  Ix'  due  to  their  af.r^'11'f^ation.  The 
"dots"  sifu  In-fore  are  coni-idi-ratjle  opcnin>.,'s  caiisiKl  In-  tiir  dbai'iice  of  tiie  wliitt-  nodules  al  certain  iniints,  aiul 
the  c<jns4'q\i<'nt  exjKjsure  of  the  i^ray  uiediimi  wbicli  forms  the  general  background.  These  openings  have  iK-en 
called  pores;  their  variety  of  size  makes  any  measurements  nearly  valueless,  though  we  may  estimate  in  a  very 
rougli  wa\' the  diameter  of  the  more  coiispii-iioiis  at  from  2'  to  4'.  Tiie  bright  ncxlules  an-  thenisclvi-s  not  uni- 
fonnlv  liright  (some  Ix-iug  n<ital>ly  more  brilliant  than  their  fellows  and  even  uiii-<|iially  l)riglit  in  portions  of  the 
hjiini-  ufMliilf).  n<-itliiT  an-  tln-v  uniform  in  slia|>e.  They  have  just  IxM-n  spoken  of  as  relatively  definite  in  outline. 
but  this  cMitline  is  eoniuionly  founil  to  lie  irregular  on  minute  study,  while  it  yet  affects,  as  a  whole,  an  eiongateil 
or  oval  conloiu-.  Mr.  Stone  ha.s  called  them  rice-grains,  a  term  only  descriptive  of  their  apiK-anince  with  an  ajx-r- 
tun-  of  thrr-*'  to  four  inclH-s,  but  which  I  will  use  provisionally.  It  de]>iets  their  whiteness,  their  relative  iiulivid- 
imlily,  and  (heir  a|ipnixiniate  form.  I>ut  not  their  irn-gidar  outline,  nor  a  certain  tendency  to  foliate  structure 
which  Ih  chanu-leristic  of  Iheni.and  which  has  not  Ihmmi  sutfieiently  n'markisl  ujMjn.  This  irregularity  anil  «liv«'r- 
dity  of  oiilline  huvi-  ln-en  already  o)>H<Tve<l  by  Mr.  Iluggins.  Estimates  of  the  main  siz«'  of  these  IkkUcs  vary  very 
widely.  I'rolNibly  Mr.  Ilu^'gins  has  laiken  a  judicious  mean  in  averaging  their  longer  diameter  at  1  T>.  and  their 
Mliort<T  at  1'.  V  ■    ■  Ti;f  that  they  are  occasionally  Ix'twi-en  2   and  .'{',  and  sometimes  Ics.s  than  I  .  in  length. 

■'Theun  1.)  [■■)  friitiiil  Dr.  L.  K.  Ilnrkpr.  iiflir iiiit  llir  i'li"l<'k'f'>l'l>'- 
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....  In  moments  of  rarest  definition  I  have  resolved  these  "rice-grain.s"  into  minuter  components, 
sensibly  round,  which  are  seen  singly  as  points  of  light,  and  whose  aggregation  produces  the  "rice-grain" 
structure.  These  minutest  bodies,  which  I  will  call  granules,  it  will  appear  subsequently  can  hardly  equal  0.'3 
in  diameter,  and  are  probably  less. 

....  It  seems  to  me  that  there  is  no  room  for  doubt  that  "filaments"  and  "granules"  are  names  for 
different  aspects  of  the  same  thing;  that  filivments  in  reality  are  floating  vertically  all  over  the  Sun,  their  upper 
extremities  appearing  at  the  siu-face  as  granules;  and  that  in  the  spots  we  only  see  the  general  structure  of  the 
photosphere,  as  if  in  section,  owing  to  the  filaments  being  here  inclined. 

....  Speaking  without  reference  to  spectroscopic  investigations,  it  seems  to  me  that  we  have  in  the 
behavior  of  our  filaments  a  presumption  as  to  the  existence  of  ascending  currents  in  the  outer  penumbra,  and  of 
both  ascending  and  descending  currents  at  the  umbral  edge;  ascending  ones  being  the  more  usiial. 

An  examination  of  the  minute  calcium  ilocculi  photographed  with  the  Rumford  spectrohelio- 
graph  will  show  that  they  closely  resemble  the  photospheric  "grains"  described  by  Langley  and 
illustrated  in  Janssen's  photographs.  Fig.  3,  Plate  IV,  is  reproduced  from  one  of  our  negatives 
on  the  scale  chosen  for  the  majority  of  the  photographs  in  Vol.  I  of  the  Meudon  Annals.  This 
photograph  was  made  with  the  slit  set  at  the  center  of  the  H  line  on  a  day  when  the  seeing  was  par- 
ticularly good.  In  Fig.  5,  Plate  II,  squares  10  seconds  of  arc  on  a  side  are  shown.  These  permit  of 
an  accurate  determination  of  the  size  of  the  individual  elements  of  the  structure.  Measurements 
made  on  our  best  negatives  show  that  the  minute  calcium  flocculi  range  in  diameter  from  less  than 
one  second  to  several  seconds  of  arc,  thus  corresponding  closely  with  the  "grains"  of  the  photosphere. 

On  the  working  hypothesis  at  present  employed  to  interpret  the  results  obtained  with  the  Rum- 
ford  spectroheliograph,  it  is  considered  that  these  minute  flocculi  are  columns  of  calcium  vapor,  rising 
above  the  columns  of  condensed  vapors  of  which  the  photospheric  "grains"  are  the  summits. 

On  such  an  assumption  it  becomes  interesting  to  inquire  whether  the  larger  calcium  flocculi 
are  made  up  of  similar  columns  of  calcium  vapor.  As  a  rule,  the  seeing  is  hardly  good  enough  to 
permit  a  decision  to  be  reached  on  this  point.  But  under  the  best  conditions  there  appears  to  be 
distinct  evidence  of  a  filamentary  structure,  the  filaments  seeming  to  spread  out  like  the  branches  of 
a  tree  (Fig.  2,  Plate  IV).  It  is  evident  that  much  light  could  be  thrown  on  the  question  if  it 
were  possible  to  photograph  sections  of  the  flocculi  at  different  elevations  above  the  photosphere, 
since  in  this  way  the  form  and  size  of  distinct  columns  of  calcium  vapor,  if  such  were  present,  could 
be  determined  at  ditferent  levels. 

FORM  AND  extent  OF  CALCIUM  FLOCCULI  AT  VARIOUS  ELEVATIONS  ABOVE  THE  PHOTOSPHERE 

Fortunately,  it  is  possible  to  accomplish  this  very  result,  if  the  present  mode  of  explaining  the 
photographs  may  be  regarded  as  sound.  We  have  already  had  occasion  to  consider  some  of  the  char- 
acteristics of  the  H  and  K  reversals  in  the  chromosphere.  In  the  solar  spectrum  itself  the  appearance 
of  the  H  and  K  lines  clearly  indicates  that  calcium  vapor  occurs  under  widely  different  conditions  of 
intensity  at  various  levels  above  the  photosphere.  It  is  a  well-known  fact  that  if  a  considerable 
quantity  of  calcium  vapor  is  introduced  into  an  electric  arc.  broad  bands,  bright  in  the  center  and 
fading  toward  both  edges,  will  appear  at  the  position  of  the  H  and  K  lines  (Fig.  4,  Plate  II)." 
The  width  of  the  bauds  may  be  taken  as  an  approximate  measure  of  the  density  of  the  calcium  vapor, 
which  decreases  toward  the  oirter  part  of  the  arc,  where  the  bands  are  reduced  to  narrow  lines.  The 
narrow  dark  lines  at  the  center  of  the  bright  bands  are  caused  by  the  absorption  of  the  comparatively 
cool  and  rare  calcium  vapor  in  the  outer  part  of  the  arc. 

A  similar  condition  of  things  undoubtedly  exists  in  the  Sun.  In  the  first  place,  we  have  broad 
diffuse  dark  bands  in  the  solar  spectrum  at  H  and  K,  produced  by  comparatively  dense  calcium  vapor 
close  to  the  photosphere.  For  convenience  of  reference  these  bands  will  be  called  H ,  and  K  j .  As 
the  bright  reversals  at  the  base  of  the  chromosphere,  when  photographed  at  the  Sun's  limb  with  a 

13  Photographed  in  the  electric  arc  with  the  solar  spectrograph  of  the  Snow  horizontal  telescope.  The  grating  temporarily  employed 
gives  strong  ghosts,  which  are  conspicuous  in  the  photograph. 
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tangential  slit,  or  at  a  total  eclipse,  are  much  narrower  than  these  bands,  it  may  be  concluded  that 
the  dense  calcium  vajior  in  the  chr()UKisj)here  lies  beneath  the  lowest  level  that  can  be  observed  at  the 
limb.  On  the  basis  of  Kirchhotl's  law,  the  comparative  darkness  of  these  bands  in  the  solar  si>ectrum 
would  be  ascril)ed  to  the  fact  that  the  calcium  va[>or  which  they  represent  is  cooler  than  the  photo- 
sphere below  it.  With  increasing  elevation,  in  a  region  of  lower  pressure,  the  density  of  the  vajior 
decreases,  and  to  this  decrease  of  density  there  corresjwnds  a  decrease  in  the  width  of  the  bands.  In 
the  lowest  portion  of  the  chromos[)here  that  can  be  observed  at  the  Hun's  limb,  the  density  of  the 
va[X)r  is  so  far  reduced  that  the  broad  and  diffuse  bands  are  replaced  by  fairly  well-defined  lines 
(Hj,  Kj).  which  maintain  their  width  up  to  a  certain  elevation  in  the  chromosphere  and  then  grow 
narrower,  thinning  out  to  much  narrower  lines  (H3,  K3)  in  the  upper  chromosphere  and  prominences 
(Fig.  H.  Plate  II).  On  the  disk  H3  and  K3  ap[)ear  as  fairly  narrow  dark  lines  at  the  center  of 
the  broad  H,  and  K,  bands.  They  occur  in  practically  all  parts  of  the  disk,  but  ilifFer  greatly  in 
intensity  in  different  regions.  Every  bright  calcium  flocculus  on  the  disk  is  characterized  by  the 
presence  of  bright  H^  and  Kg  lines  at  the  center  of  H,  and  K,,  with  narrow  dark  H3  and  K3  lines, 
due  to  the  absorption  of  the  cooler  and  rarer  va|X)r  in  the  upj>er  chromosphere,  super[x)sed  ujwn  them. 
Intensity  curves  showing  these  peculiarities  of  the  H  and  K  lines  are  given  by  Jewell  in  the  Asiro- 
phi/sicnl  Journal,  Vol.  Ill  (ISilO),  p.  100,  where  the  displacements  of  the  lines  are  also  discussed. 
They  are  also  illustrated  in  the  photographs  reproduced  in  Plate  II. 

From  a  strict  application  of  Kirchhoff's  law  it  would  appear  that  the  calcium  vajwr  in  the  lower 
chromosphere  is  actually  hotter  than  the  calcium  vapor  which  lies  above  and  below  it.  It  seems 
improbable  that  the  law  can  be  rigorously  applied  in  this  case,  and  hence  it  may  be  necessary  to 
attribute  the  strong  radiation  of  the  intermediate  layer  to  causes  other  than  temperature  alone. 

In  view  of  the  composite  character  of  the  calcium  lines,  it  should  be  possible  with  the  spectro- 
heliograph  to  photograph  sections  of  the  calcium  flocculi  at  levels  corresiKJuding  to  their  several 
elements."  If,  f<jr  example,  the  second  slit  were  set  at  the  extreme  edge  of  K,,  the  resulting  photo- 
graph should  show  only  that  calcium  vapor  which  is  dense  enough  to  produce  a  line  of  this  breadth : 
I.  r.,  a  section  across  the  base  of  the  calcium  flocculus  should  be  obtained.  Under  no  circumstances 
could  the  upjK'r  and  rarer  jwrtions  of  the  flocculus  be  shown  on  such  a  photograph,  since  the  line  they 
produce  is  not  broad  enough  to  enter  the  second  slit.  If  the  slit  were  set  nearer  to  the  center  of  the 
line,  the  photograph  should  represent  a  section  of  the  flocculus  corresponding  to  a  higher  level,  where 
a  narrower  line  is  produced.  It  is  evident  that  while  none  of  the  higher  and  rarer  calcium  va|)or 
could  be  shown  in  this  photograph,  it  might  neverthelehS  include  regions  lying  Ixlow  it,  where  the 
calcium  vajxjr  is  dense  enough  to  produce  a  broader  line.  However,  since  the  calcium  va|)or  is  rising 
from  a  region  of  high  pressure  to  one  of  a  much  lower  pressure,  it  must  expand  as  it  rises,  and  there- 
fore a  section  at  any  level  should  in  general  be  of  a  larger  area  than  a  section  of  the  same  flocculus  at 
any  lower  level.  As  a  con.se<iuence  of  the  increasing  extent  of  the  vapor  with  the  altitude,  and  the 
iucreajM*  of  brightness  oljserved  when  passing  from  K,  to  K., ,  a  photograph  corres|)onding  to  a  given 
level  is  not  necessarily  alTected  in  any  consitlerable  degree  by  tlie  existence  of  the  denser  vapor  U'low. 
exc<'pt  in  caH«*s  where  the  high-level  va|)or  does  not  lie  iunnediately  above  the  low-level  va|K)r.  Low- 
lev«l  phenomena,  even  when  very  bright,  may  Ik-  wholly  concealed  by  general  excess  of  radiation,  or 
in  wjme  cases  by  absorption,  of  the  calcium-va|K)r  at  high  levels.  Moreover,  it  is  of  course  to  lx» 
understiHKl  that  the  term  "level"  is  not  usetl  here  in  n  strict  sense.  A  section  of  a  large  flocculus 
photogniplie<l  with  K,  might,  for  example,  correspond  to  a  much  greater  height  above  the  photo- 
Hphere  than  that  cjf  the  minute  flocculi  shown  cm  the  same  photograph.  ll  iiiusi  never  l>e  forgotten. 
when  examining  the  photographs,  that  comiR)8ite  effects  are  very  likely  to  be  present. 

'  '                                                               '         I'Ttnlioii  with  llin  Krii-  tlml  hU  pliilrn  <li>  liknwiw.     M.  Diolnnilno  iiinilp  tihol<itfrn|ihi>  willi 

*^'  (  will*  nut  Wfll  iiiliiiitnil  K,  mill  K,  in  IKl*4,  tint  1  linvi<  i»r>rii  nii  i>tiit«*niiMil«of  rtilirlu-iniioilt'rivt^l 

'■**  '  '  "•<'  i'>><'*<>ifriitili«,  hiiwrvrr,  npimr-  from  n  i«tiiily  of  thi<  K,  pUli'*,  niiil  ilo  tint  know  wlirtltrr  tlu*  niothiMl 

•""'  •  im.  unil  Mr.  Ktrnraliml  infurnm  mn  bnn  ninvr  boon  xiniiloyml  at  Unuilon. 


The  KuMi'dKi)  Si'ijcTKOHELiociKA  imi  ok  the  Yebkek  Obseevatoky  17 

Such  considerations  reganliiiiij  tlic  possibility  of  ])liofo<^rai)liiiig  sections  of  the  flocculi  at  dif- 
ferent levels  are  home  oiit  l)y  the  photoj^raphs,  as  will  be  si-en  by  reference  to  the  accompanying 
illustrations.  Plate  V  represents  the  spot  group  of  IDOiJ,  April  2i(,  as  ])h()tographed  with  four  ditferent 
settings  of  the  second  slit.  These  were  taken  within  sudi  time  litiiits  and  in  such  an  order  that,  as  no 
distinctly  eruptivi'  pheiiomena  were  pri'sent,  the  principal  ditlirences  between  the  j)hotogra[>hs  are 
therefore  to  be  attributed  to  ilitt'erences  in  the  extent  and  l)rightness  of  the  va|ior  at  various  levels, 
and  not  io  chansres  jjoinji  ou  in  the  Sun  at  the  lime. 

o         o  o 

Fig.  1  shows  the  various  spots  of  the  group,  with  faint  indications  of  the  surrounding  facuhe. 
This  photograph  was  obtained  with  the  slit  set  on  the  continuous  spectrum  at  X3!)24,  and  the  form  of 
the  facuhe  j)roj)er,  as  defined  by  variations  in  the  brightness  of  the  continuous  spectrum,  is  given  in 
this  case.  Fig.  2  was  made  with  the  slit  set  at  \  ii'.t2'.t,  just  within  the  edge  of  the  broad  Kj  band. 
By  comparing  this  with  Fig.  1  it  will  be  seen  that  even  the  lowest  calcium  vapor  sometimes 
overhangs  and  partly  covers  the  penumbra  of  spots,  while  the  outline  of  this  vapor  differs  materially 
from  that  of  the  faculse  shown  in  Fig.  1.  Fig.  .3  is  from  a  photograph  made  with  the  slit  set  at 
X3932,  on  the  broad  dark  band  near  the  center  of  Kj.  It  will  be  seen  that  at  this  level  the 
vapor  has  expanded  very  considerably,  so  that  details  of  some  spots  clearly  visible  in  Fig.  2  are 
completely  hidden.  Fig.  4  is  from  a  photograph  obtained  when  the  slit  was  in  such  a  po.sition  and  of 
such  width  as  just  to  inclose  K,.  This  photograph  shoiild  therefore  represent  a  section  of  the 
calcium  vapor  at  the  level  corresponding  to  the  second  stratum  referred  to  above.  Here  the  calcium 
vapor  is  brighter  and  much  moi-e  extensive  than  in  the  stratum  below,  so  that  a  photograph  of  the 
entire  Sun  taken  in  this  way  offers  a  marked  conti'ast  to  a  photograph  taken  with  the  second  slit  set 
on  K,  at  some  distance  from  the  center.  It  has  not  hitherto  been  possible  to  make  photographs 
cori-esponding  simply  to  Kg,  since  very  high  dispersion  will  be  required  in  order  to  prevent  the 
second  slit  from  receiving  light  from  the  bright  line  (K^)  on  which  K3  lies.  Other  series  of 
photographs  showing  similar  differences  are  reproduced  in  Plates  VI  and  X  to  XV. 

The  assumption  that  these  photographs  represent  sections  of  the  calcium  flocculi  at  different 
elevations  seems  to  be  the  simplest  and  most  satisfactory  way  of  explaining  the  results  obtained. 
Partial  reflection  of  the  bright  Kg  line  at  the  edges  of  the  second  slit  w'ould  not  suffice  to  account  for 
the  results,  since  in  this  case  the  images  of  the  flocculi  would  be  precisely  similar  in  form  in  all 
cases,  and  would  merely  vary  in  intensity.  Again,  it  might  be  held  that  the  faculae  rise  above  the 
dense  calcium  vapor  represented  by  the  broad  dark  bands  at  Hj  and  K,.  and  that  they  would  be 
shown  with  increasing  contrast  toward  the  center  of  the  bands,  on  account  of  the  protection  from  the 
brilliant  light  of  the  photosphere  which  these  afford  to  the  plate.  Hei-e  again,  however,  the  forms 
corresponding  to  all  positions  of  the  second  slit  on  Hj  and  K,  should  be  the  same,  and  they  should 
correspond  with  those  of  the  faculse.  No  satisfactory  means  of  explaining  the  results  except  on  the 
assumption  that  thej'  represent  different  levels  has  hitherto  presented  itself.  Essentially  conclusive 
evidence  in  favor  of  this  assum[)tion  is  afforded  by  the  photographs  of  the  recent  great  Sun-spot 
(Plates  X  to  XV). 

With  the  aid  of  this  additional  means  of  research  we  may  return  to  a  consideration  of  the 
structure  of  the  flocculi.  It  has  already  been  remarked  (p.  15)  that  the  general  surface  of  the  Sun 
appears  to  be  covered  with  columns  of  bright  calcium  vapor,  varying  in  diameter  from  less  than  a 
second  to  several  seconds  of  arc,  separated  by  darker  spaces,  which  correspond  in  appearance  to  the 
darker  spaces  that  separate  the  photospheric  "grains."  The  summits  of  these  columns  seem  to  lie  in 
the  second  stratiim,  corresponding  to  the  bright  lines  H^  and  K^.  The  appearance  of  the  disk,  when 
photographed  with  the  slit  set  ou  Hj  at  XSOlJN.G,  is  shown  in  Fig.  3,  Plate  IV.  We  must  endeavor 
to  explain  why  the  appearance  of  this  photograph  differs  so  markedly  from  that  of  Fig.  1,  Plate  IV, 
where  we  see  no  very  clear  indication  of  the  existence  at  the  H,  level  of  the  columns  of  calcium  vapor 
whose  summits  appear  as  minute  flocculi  in  the  photographs  of  the  second  stratum. 
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In  n  photoirrnph  tnkcn  with  the  slit  set  at  the  center  of  H  or  K  the  contrast  Ijetween  adjacent 
regions  iif  the  Sun"s  surface  ile|KMi(is  ii|Min  sevornl  fnctt)rs,  twd  of  which  are  in  some  cases  closely 
n-hiteil.  while  in  others  they  are  H|i|)iin'ntiy  indcjientleiit  of  each  other.  These  arc  the  intensity  of 
the  dark  Kj  line,  wliich  may  be  photof^raphcd  over  almost  the  entire  surface  of  the  Sun.  and  the 
intensity  of  the  bright  Kg  line,  which  varies  j^reatly  in  ditferent  reirions.  Suppose  the  l)rij:ht  K, 
line  to  be  al>sent.  In  this  case  the  contrast  between  different  regions  would  depend,  to  a  considerable 
degree,"  u|>on  variations  in  the  absorption  of  the  calcium  vapor  in  the  up|H»r  and  cooler  parts  of  the 
chromos|>hiT»'.  If  the  second  slit  wi-re  not  much  wider  tlian  K,  a  particularly  coul  re<;iMn.  in  the 
climmosphcre  or  in  a  prominence,  might  show  as  a  dark  structure 

Let  us  now  suppise,  as  is  actually  the  case  in  practice,  that  K^  appears  as  a  l)right  line  at 
nameruus  |ioints  on  the  Sun's  disk.  In  general,  being  produced  under  greater  pressure  in  the  lower 
part  of  the  chromosphere,  the  bright  K,  should  be  broader  than  the  dark  Kj,  while  the  latter  line 
must  apjK'ar  sni>er{)osed  uiiou  K«  in  all  cases  but  one.  This  exception  is  the  region  over  the  umbra 
of  Sun-s|>ots.  where  the  denser  calcium  vapor  corresponding  to  K,  is  absent,  and  the  rarer  vaj)or  at  a 
higher  level  gives  a  briijlit  Kg  line  (usually  not  very  intense)  on  tliB  darker  background  of  the  S[)ectnim 
of  the  umlira. 

It  is  easy  to  see  that  such  variations  in  the  relative  intensities  of  bright  Ko  and  ilark  Kj  as 
occur  in  all  parts  of  the  disk  must  result  in  photographs  showing  much  greater  contrast  than  is 
obtained  in  those  corresponding  to  the  K,  level.  For  in  the  latter  case  the  second  slit,  being  set  at 
s<jme  distance  from  the  center  of  K,  receives  no  light  from  K^  or  K,,  and  shows  only  such  variations 
of  intensity  as  are  due  directly  to  differences  in  the  radiation  of  the  dense  low-level  calcium  va|«jr. 
The  evidence  afforded  by  photographs  taken  at  successive  levels  goes  to  show  that  in  passing  from  the 
lower  K,  region  uj)  into  the  K,  region,  the  calcium  vapor  increases  greatly  in  radiating  power.  For 
example,  eruptive  phenomena  which  are  quite  inconspicuous  when  photographed  at  the  lower  K, 
levels,  l)ecome  more  and  more  brilliant  as  the  second  slit  is  moved  for  successive  photographs  nearer 
and  nearer  to  the  center  of  K.  What  is  true  of  eruptions  is  also  true  in  large  degree  of  the  smaller 
columns  of  calcium  vapir.  which  rise  from  closely  set  points  all  over  the  Sun's  surface,  and  pmdiK-e 
the  granulated  apjH'arance  which  is  s<j  striking  in  the  K^,  pliotographs. 

These  considerations  would  seem  to  throw  some  light  on  the  pronounced  difference  in  contrast 
In-tween  K,  and  K,,  photograjihs  of  the  solar  surface.  In  the  brighter  tiocculi  the  contrast  in  the 
up[>er  K,  levels  is  marked,  though  it  almost  wholly  disai)pears  at  the  lowest  K,  level.  But  in  the 
minute  fl<x'culi.  which  probably  lie  at  lower  levels  than  the  large  flocculi,  the  brightness  at  the  K, 
level  d«»«?s  not  apjK^ar  to  be  sufficiently  great  to  give  strong  contrast  effects.  The  marked  increase  in 
brightness  which  is  charaj-teristic  of  K^.  .sometimes  enhanced  by  an  increase  in  the  strength  of  the 
dark  Kj  line  in  adjoining  regions,  tends  greatly  to  heighten  the  contrast  obtaineil  when  the  second 
«lit  is  set  BO  as  to  include  lx)th  Kj  and  Kj. 

In  the  larger  Him-cuH  the  surtnist^  of  a  structure  comjMised  of  ex|)anding  columns  of  calcium 
vB|ior  seems  to  Ik'  Imrne  out  l>y  the  photographs.  Compare,  ft)r  example.  Figs.  1  and  \1  in  Plate  l\ . 
At  the  lower  level  (Fig.  1)  the  floc<'ulus  is  resolved  into  a  series  of  well-defined  elements,  of  compara- 
tively small  area.  At  the  higher  level  (Fig.  2)  the  area  of  the  entire  flocculus  is  greatly  inereasetl, 
and  there  s«-einK  to  l»e  evideni'e  (hardly  visible  in  the  cut  |  that  the  columns  coiniMtsing  it  have  arched 
over.  Ho  that  thi-y  are  no  longer  seen  end  on.  Few  photographs  are  sufficiently  well  defined  to  l>ring 
out  Huch  details,  and  it  cannot  be  saiil  with  certainty  that  the  effects  seen  at  the  higher  level  are 
always  due  to  »w|taration  and  In-nding  of  the  columns,  as  well  as  to  ex|>ansion  of  each  of  the  individtnd 
colunuiM.  In  any  "'vent,  the  increase  in  area  at  this  levcd  is  sometimes  very  great,  in  many  cases  suffi- 
cient  to  cover  not  only  the  |M'nundira,  Itut  also  entire  s|Kifs.      .Vnolher  illuslrntion  of  the  expansion  at 

I'Tlw  •i«iu<l  till  In  Utn  Bumfurd  •|»Tln.lii.|i.iiirn|ili  1.  m-r.—iirlli  wiiliT  llum  llic  nviTiin.'  wnllli  of  K. ;  for  tlii-  r.u..iii  vnrintinii.  in 
lb*  iutmultt  ul  K,  nuil  alxi  attrct  tbx  cxHitrii>i 
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increasing  altitudes  may  be  seen  in  tlu^  i'diir  photographs,  correspoiKlini,'  to  different  levels,  which  are 
reproduced  in  Plate  VT.  A  iinicli  tincr  illustration  is  afTorded  \,\  the  plmtiigiaplis  in  Plates  X  to  XV 
of  the  recent  great  ISun-.spot. 

DARK    CALCRM    FLOCCULI 

As  already  remarked  (p.  Is),  the  occasional  great  strength  of  K,,  especially  in  regions  where 
K.,  is  not  present,  would  lead  one  to  expect  that  -/rn7,-  ealciuni  flocruli  might  sometimes  apftear  on  the 
photographs.  The  discovery  of  dark  hydrogen  Hoeculi  (p.  20)  led  us  U>  make  a  careful  examination 
of  our  photographs  with  reference  to  the  possible  presence  of  such  objects.  In  previous  work  nothing 
of  this  kind  had  been  noticed,  the  darker  spaces  between  bright  calcium  flocculi  having  been  supposed 
to  represent  a  general  Ijackgionnd  (if  <-al(iuui  vapor,  less  highly  radiating  than  the  flocculi  themselves, 
but  exhibiting  no  such  structure  as  would  be  expeeleil  to  appear  in  case  distinct  regions,  of  exceptional 
absorbing  power,  were  present.  Few  indications  of  dark  calcium  flocculi  have  indeed  been  found,  but 
in  certain  cases  there  can  ])e  no  doubt  that  sueli  phenomena  actually  exist.  One  of  these  cases  is 
illustrated  in  Fig.  3,  Plate  VIII.  The  presence  in  this  region  of  the  Sun  of  a  very  dark  hydrogen 
flocculus  (Fig.  4)  led  us  to  examine  the  corresponding  Kg  photograph.  An  exceptionally  dark 
structure,  corresponding  in  its  general  form  with  the  dark  hydrogen  flocculus,  was  found  in  the  same 
position.  The  two  dark  regions  shown  in  these  photographs  resemble  each  other  quite  as  closely  as 
the  dark  hydrogen  flocculi  ordinarily  resemble  the  corresponding  bright  calcium  flocculi. 

It  is  an  interesting  fact  that  a  Kj  photograph  taken  at  the  same  time  showed  no  evidence  of 
the  presence  of  this  dark  region.  In  other  similar  cases  the  same  thing  has  been  found  to  be  true. 
For  example,  on  Fig.  4,  Plate  V,  a  dark  structure  is  shown  extending  upward  to  the  right  from  a 
small  spot  lying  a  short  distance  to  the  southwest  of  the  largest  one  of  the  group.  In  Fig.  3,  which 
corresponds  to  a  lower  level,  this  dark  structure  is  not  present,  nor  can  it  be  seen  at  the  still  lower 
levels  represented  in  Figs.  1  and  2.  It  will  be  noticed  in  Fig.  4  that  this  dark  structure  seems  to  be 
a  part  of  an  extensive  dark  region  which  almost  completely  surrounds  the  group  of  calcium  flocculi. 
Similar  ajapearances  are  found  on  many  of  our  negatives  ami  may  be  seen,  though  not  to  good 
advantage,  in  Figs.  2  and  8,  Plate  VII,  and  in  Fig.  4,  Plate  VI.  It  seems  possible  that  we  have  here 
some  indications  of  the  cooler  Kg  calcium  vapor,  which  rises  to  a  considerately  greater  height  than  the 
Kg  vapor  of  the  bright  flocculi.  and  spreads  out  so  as  to  cover  a  much  larger  region  of  the  Sun's 
surface.  Evidences  of  similar  dark  regions  may  be  found  in  the  immediate  surroundings  of  the  great 
Sun-spot,  illustrated  in  Plates  XI,  XIII,  XIV,  and  XV.  These  plates  also  afford  several  examples  of 
better-defined  dark  structures  superposed  upon  the  bright  Kg  flocculi. 

From  these  results  it  appears,  as  might  be  expected,  that  the  dark  caleium  flocculi  are  com- 
paratively high-level  phenomena,  either  in  the  upper  part  of  the  chromosphere  or  in  the  prominences 
themselves.  It  is  not  yet  possible  to  distinguish  with  certainty  the  exact  level  at  which  they  occur  in 
any  given  case,  but  this,  and  other  related  questions,  can  perhaps  be  solved  when  it  becomes  possible 
to  photograph  the  disk  with  the  Kg  line.  There  may  be  some  difficidty  in  making  such  photogi-aphs, 
since  the  dispersion  must  be  so  high  as  to  exclude  completely  the  brilliant  light  of  Kg  from  the 
second  slit.  If  successful,  photograjihs  taken  in  this  way  will  probably  show  the  calcium  promi- 
nences as  dark  regions  projected  upon  the  disk. 

HYDROGEN  FLOCCULI 

The  method  of  photographing  the  Sun  with  the  aid  of  the  dark  Fraunhofer  lines  has  already 
been  explained  (p.  9).  The  spectroheliograph  is  employed  exactly  as  in  the  case  of  the  bright 
calcium  lines,  but  the  dispersion  is  increased  sufficiently  to  insure  that  the  width  of  the  dark  lines 
shall  be  greater  than  that  of  the  second  slit.  Under  such  circumstances  photographs  corresponding 
to  the  hydrogen  lines,  or  to  any  other  dark  lines  of  sufficient  width,  may  be  obtained. 
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Thf  tirst  iilK)li>'jra|ili  inntle  with  n  dark  hydrofjen  line  {H0)  was  takfii  with  the  Riiinford 
si>iH-tr«->lu'li<i'jra]>h  on  Mnv  Id.  \WH.  On  (lfVfli>j)in<j  tiie  ])late  we  wore  surjirised  to  find  a  stnu-lure 
tlifferin«j  materially  fn>ui  that  ulilaineti  with  H^  and  K^.  Closer  exauiinntion.  and  a  coui[(arison  of 
the  photograph  with  a  K^  photograph  made  on  the  same  day,  showed  that  the  bright  takium  tlocculi 
were  replaee<l  on  the  11/3  photograph  by  dark  structures  of  similar,  though  by  no  means  identical 
form.  There  could  l)e  no  doubt  about  the  adjustment  of  the  II/B  line  on  the  second  slit,  since  a 
prominence  was  shown  on  the  photograph  extending  above  the  Sun's  limb.  At  a  point  near  a  Sun- 
s|>ot  a  brilliant  object  ajipeared.  The  same  l)right  object  was  found  on  a  high-level  K^  pliotograph, 
but  it  did  not  apjK'ar  on  a  K,  photograph.      This  was  confirmed  by  other  exposures. 

The  results  given  by  this  tirst  photograph  have  been  borne  out  in  subsequent  work.  It  is  fouuel 
that  the  hydrogen  tlocculi  are  iu  general  dark,  though  they  are  sometimes  bright  in  disturV)ed 
regions,  usually  in  the  ueighborht)od  of  Sun-sjxjts.  Figs.  1  and  2,  Plate  VIII,  show  bright  calcium 
flocculi  and  the  corres|K)nding  dark  hydrogen  tlocculi.  These  are  not  suitable  for  an  exact  com- 
paristin  of  form,  since  the  time  interval  which  .separates  them  is  too  long  to  insure  the  absence  of 
change.  Figs.  1  to  4r,  Plate  IX.  permit  a  better  comparison  to  be  made,  and  also  show  some  hriylii 
hvilrogen  tliHTculi  (Fig.  2.  west  of  spot).  In  comparing  these  photographs  three  jwints  must  be  borne 
in  mind.  In  making  the  photograph  re|>r(Kluced  in  Fig.  ii,  the  second  slit  was  not  set  properly  on 
the  i//3  line.  For  this  reason,  the  true  hyilrogen  flocculi  are  properly  shown  only  in  the  central  part 
of  the  figure.  Moreover,  this  photograph  was  not  as  accurately  in  focus  as  the  others.  Finally,  in 
reproducing  the  photographs  the  contrast  was  unduly  increased  during  the  photo-engraving  process 
in  the  ciuse  of  Figs.  1  and  2.  which  makes  the  lumint>us  background  ap|H'ar  too  bright. 

With  these  i>oints  in  mind  the  photographs  may  be  compared.  It  will  be  seen  that  while  the 
outlines  of  the  dark  hvdrogen  tlocculi  correspond  in  a  jieneral  wav  with  those  of  the  bri<rht  calcium 
fl<x-culi,  there  is  nevertheless  a  marked  ditfereuce  iu  the  characteristic  features.  The  hydrogen 
flocculi  seem  to  have  a  definiteness  of  structure  in  striking  contrast  with  the  formless  masses  of  the 
calcium  flocculi. 

One  of  the  first  questions  that  suggest  themselves  in  examining  tlii'Sc  photographs  is  with  ri'gard 
to  the  distance  aljove  the  [ihotosphere  of  the  hydrogen  whicii  proihu-i'S  these  dark  regions.  By  com- 
|>aring  the  same  Sun-spot,  as  shown  in  corresponding  photographs  of  the  calcium  and  hydrogen  flocculi 
(Plate  VIII),  it  will  be  seen  that  the  sjxit  usually  a]>|R»ars  smaller  in  the  latter  case,  apparently  because 
the  |MMiuuibra  is  more  conq)letely  covered  by  hydrogen  clouds  which  radiate  more  light  than  the 
|)enumbra  docs.  The  umbra,  on  the  other  hand,  appears  quite  dark  in  these  photographs,  from  which 
wc  niav  conclude  that  in  this  case  anv  brijihl  livdroiren  lini'  that  mav  extend  over  it  must  be  verv 
faint.  Tilt"  phenomena  shown  in  the  hydrogen  flocculus  surrounding  the  recent  great  Sun-spot.  Fig. 
2,  Plate  XI,  seem  to  illustrate  a  more  couqilex  condition  of  things.  Some  of  tlu'  snniller  s]H>tsof  the 
frroup  are  completely  blotted  out  by  the  overlying  clouds  of  hydrogen.  In  certain  places  brilliant 
hydrogen  flocculi  are  si'en,  which  usually  coincide  in  position  with  corres|M)niling  bright  calcium  floci-uli. 
Thewf  are  doubtless  eruptive  in  character  and  of  conq)aratively  short  duration:  as  already  remarked, 
they  are  faint  or  invisible  in  the  very  low  level  calcium  photographs.  In  the  case  of  hydrogen  we 
lhui»  have  bright  eruptive  phenomena,  and  also,  in  the  immediate  neighljorhood.  the  dark  masses  which 
iisuidly  eiiiistitute  the  hydrogen  flix'culi.  We  also  find  jxissible  indications  of  bright  hydrogen  flocculi, 
not  eruptJM-  in  character,  in  the  vicinity  of  Sun-spots  (see,  for  exanqile.  Fig.  2,  Plate  VUl).  Tiiere 
M-emH  to  Im?  Hunie  evidence  that  the  (euqKTature  conditions  may  sometimes  change  sufficiently  It)  trans- 
form n  dark  hydrogen  flocculus   int<j  a  bright  one.     Doul>tless  in  some   regions  the  tenq)eratun>  is 

fly  at  the  critical   jKiint,  which  would   render  the  flocculus  invisible.     The  whole  subject    is  one 

ii  will  r(><|uire  much  study  in  the  future,  and  in  the  present  paper  it  is  not  our  intention  t4)  do 
muTt'  than  luoroly  to  HuggeHt  some  of  the  principal  characteristics  of  the  phenomena.  We  have  rea.son 
to  tx*licvo,  from  sumo  photograpliK  obtained  when   the  secontl  slit  did   not   i-xactly  coincide  with  the 
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center  of  the  ///3  \hw,  llial  it  will  be  possible  to  photo<^rai)h  the  hydrotreii  tloceuli  at   low  and  at  hif,'li 
levels,  as  we  have  done  in  the  case  of  the  calcinni  Hocculi. 

Present  indications  seem  to  point  to  the  view  that  the  extensive  dark  regions  [fhotograplied  when 
the  slit  is  set  at  the  center  of  ///3  are  hydrogen  prominences  seen  in  projection  on  the  Sun's  disk. 
There  can  at  least  l)e  no  donbt  that  they  frequently  occur  at  points  on  the  disk  where  large  promi- 
nences are  present.  On  June  ['2.  lor  example,  a  large  hydrogen  prominence  was  photographed  with 
///S  at  the  east  lind)  of  tlu'  Sun.  ("loudy  weather  prevented  further  phoi(jgraphs  from  being  taken  uidil 
June  15,  but  on  that  date  an  extensive  dark  region  was  ]ili(itr)graphed  with  the  ///3  line  at  tiie  puinl 
on  the  disk  where  this  jjronunence  should  have  been  carried  by  the  Sun's  rotation.  It  of  course  does 
not  follow  that  the  dark  region  was  not  due  to  the  absorption  of  the  hydrogen  in  the  chromosphere 
below  the  prominence.  But  it  seems  reasonable  to  suppose  that  since  the  hydrogen  gas  must  cool  by 
expansion  in  rising  to  higher  levels,  the  strongest  absorption  would  take  place  in  the  prominence,  rather 
than  in  the  chromos])here  below.  On  such  a  view  the  more  extensive  dark  hydrogen  flocculi  would  be 
regarded  as  quiescent  prominences  seen  in  projection,  while  most  of  the  smaller  flocculi  might  still  be 
due  to  absorbing  masses  in  the  upper  part  of  the  chromosphere. 

CONCLUDING   REMARKS 

In  his  recent  important  paper  on  the  solar  eclipse  of  May  28,  IDUO,  Mr.  Evershed,  in  attempting 
to  explain  the  predominance  of  enhanced  lines  in  the  spectrum  of  the  flash,  gives  the  following  argti- 
ments  in  favor  of  his  idea  that  ''the  spark  and  arc  conditions  may  co-exist  at  the  same  altitude  above 
the  photosphere  " : 

It  is  well  known  that  the  outer  limit  of  the  chromosphere,  as  seen  in  the  Hue  a  of  hydrogen,  presents  a 
structure  of  small  lilanieuts  like  l)lades  of  grass  covering  the  entire  siu-face,  and  very  imlike  the  diffused, 
iudetiuite  limit  which  a  true  atmospheric  envelope  might  be  expected  to  present. 

According  to  Secchi,  ''at  the  base  of  the  chromosphere  the  hydrogen  has  the  shape  of  small,  close  filaments 
which  seem  to  correspond  with  the  granulations  of  the  photosphere." 

This  structure  suggests  that  the  chromosphere  is  in  reality  a  region  of  innumerable  small  eruptions  of  the 
same  nature  as  the  jets  of  highly  luminous  gas  which  are  constantly  to  be  seen  with  the  spectroscope  in  all 
regions  of  the  Sun's  limb.  It  is  jnobable,  indeed,  that  these  jets,  and  the  larger  eniptive  prominences,  are  in 
reality  only  the  more  pronounced  manifestations  of  a  phenomenon  occurring  on  a  smaller  scale  everwhere  over 
the  solar  sm-face. 

The  highly  heated  gases  composing  these  eniptious,  which  may  Ije  supposed  to  originate  below  the 
photospheric  level,  would  lose  heat  as  they  ascended  by  adiabatic  expansion  and  by  radiation,  and  at  a  certain 
elevation  would  precipitate  the  more  refractory  substances  as  highly  luminous  clouds,  forming,  in  fact,  the 
photospheric  granules  and  the  columnar  filaments  observed  in  Sim-spots.  But  the  gaseous  streams,  deprived  of 
their  condensable  materials,  would  continue  to  ascend  above  the  photosphere,  finally  becoming  diffused  in  the 
region  of  the  chromosphere.  The  expanded  gases,  subsequently  suljsiding  in  a  relatively  cooled  couchtion,  would 
form  a  strongly  al^sorbing  atmosphere  settling  down  imiformly  and  slowly  upon  the  photosphere,  and  through 
which  the  ascending  streams  would  be  forced. 

If  this  really  represents  roughly  the  actual  state  of  things,  it  is  clear  that  the  temperatm'e  conditions 
represented  Ijy  the  electric  spark  and  by  the  arc  may  both  exist  at  the  same  altitude  above  the  photosphere,  the 
spark  condition  in  the  highly  heated  ascending  gases  and  the  arc  condition  in  the  cooler  descending  gases.'" 

It  will  be  observed  that  Mr.  Evershed's  words,  written  some  time  before  most  of  the  photo- 
graphs described  in  the  present  paper  had  been  obtained,  accurately  describe  some  of  the  jjhenomena 
recorded  on  our  plates.  Unfortunately,  we  are  not  yet  able  to  say  whether  the  minute  flocculi  are  to 
be  reo-arded  as  eruptive  in  character,  nor  can  we  state  whether  the  enhanced  lines  (other  than  those 
of  calcium)  are  characteristic  of  them.  It  is  perhaps  worthy  of  remark,  however,  that  the  calcium 
line  X  4226.7  fails  to  show  a  granulated  structure  at  all  comparable  in  appearance  with  that  given  by 
Hg  or  Ko .  But  at  present  this  fact  is  hardly  to  be  taken  as  significant,  since  the  technical  difficulties 
of  obtaining  thoroughly  satisfactory  photographs  through  such  narrow  dark  lines  are  too  great  to  be 

11  Phil.  Traill..,  Vol.  CCI  USOS),  pp.  -171.  472. 
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whoUv  overcome  with  our  present  a|)itaratas.  For  the  same  reason  we  prefer  to  base  no  conclusions 
at  present  u|><>n  the  (liffon'iiees  in  structure  indicated  bv  photoo^raphs  which  we  have  taken  with  the 
H  and  K  and  the  422t>.'.l  lines  of  calcium.  The  i>nly  iron  line  with  which  we  have  hitherto  obtained 
photogrraphs  which  are  at  all  satisfactory  (X  4383.7)  is  not  an  enhanced  line,  and  therefore  is  not 
suitable  for  the  purjwses  of  the  present  inquiry.  It  is  hoj)ed  tjjat  this  and  other  similar  questions 
may  be  investigated  with  the  new  spectroheliograph  which  is  now  being  constructed  for  use  with  the 
•Snow  horizontal  telescope. 

Another  question  to  which  we  can  only  refer  in  the  present  pai)er  concerns  the  motion  in  the 
line  of  sight  of  the  calcium  va|M)r  above  the  st)lar  surface,  as  related  to  the  form  of  the  calcium  flocculi 
at  dilferent  levels.  A  long  series  of  measures  of  Hg  and  Kj,  and  also  of  H3  and  K3.  which  have 
been  made  by  Mr.  Adams  on  photographs  of  the  spectrum  taken  here,  indicates  that  in  general  the 
va|K)r  corres|>ouding  to  the  dark  H3  and  K3  lines  is  ascending,  in  regions  which  lie  above  the  bright 
calcium  tiix-culi.  Measures  of  the  two  components  of  H^  and  Kg  are  made  with  greater  dilficulty,  but 
these  also  seem  to  show  that  the  calcium  vapor  is  rising  in  the  flocculi,  at  a  velocity  which  ordinarily 
d»>es  not  differ  greatly  from  about  one  kilometer  per  second.  Hitherto  we  have  not  had  an  ojtjKirtunity 
to  investigate  the  motions  in  certain  special  regions  of  the  tlocculi,  toward  which  our  attention  has 
l)een  directed  by  some  of  the  phenomena  shown  in  the  photograjihs  corres|)unding  to  ditferent  levels. 

In  concluding,  we  may  perhaps  be  permitted  to  speak  of  a  few  of  the  numerous  investigations 
which  can  be  undertaken  by  the  student  of  solar  physics.  If  proper  use  is  to  be  made  of  the 
numerous  methods  of  research  which  are  now  available,  a  large  number  of  investigators  will  be 
needed,  working,  if  jwssible.  on  some  co-operative  plan,  at  many  stations  widely  separated  in  longitude. 
Even  the  adequate  use  of  the  spectroheliograph  alone  would  be  beyond  the  capacity  of  any  single 
institution;  for,  when  suitably  designed,  tliis  instrument  will  furnish  as  many  i)hotographs  of  the 
Sun  as  there  are  elements  present  in  its  atmosphere,  and.  in  addition  to  these,  many  others  which 
represent  the  peculiarities  of  certain  lines.  For  examj)le,  we  have  already  seen  that  it  will  be 
desirable  to  ascertain  in  what  degree  photographs  taken  with  eidianced  lines  differ  from  those  taken 
with  other  lines  of  the  same  element.  With  a  large  image  of  the  Sun  inqiortant  n-sults  might  be 
ex|»ected  to  follow  from  a  study  of  photographs  of  Sun-spots  taken  with  the  aid  of  the  widened  lines, 
and  with  bright  lines  or  other  lines  which  are  peculiar  to  the  spot.  In  view  of  the  constant  changes 
which  are  going  on  in  the  Sun,  a  few  photographs  made  in  any  of  these  ways  will  not  suffice:  what 
is  wanted  are  series  continued  througli  at  least  one  Sun-s[)ot  period,  in  order  to  discover  the  laws 
which  govern  the  intensity  and  the  distrii)ution  of  the  various  gases  and  metallic  vajwrs.  Further- 
more, the  great  imjHjrtance  of  eruptive  phenomena,  their  comparative  rarity,  and  the  brief  time  in 
which  all  their  phases  are  exhibiteil.  call  for  special  |»re|)arations  and  methods  of  work.  S]H>ctrohelio- 
grapliB  capable  of  taking  several  photographs  at  once  through  different  lines  will  he  essential  for  any 
suitable  study  of  eruptive  phenomena.  If  a  chain  of  oljservatorles  well  distributed  in  longitude  could 
arrange  their  work  so  as  to  keep  the  Sun  almost  constantly  under  observation,  many  iui|K)rtant 
eruptions  which  are  now  lost  would  be  reccjrded. 

But  it  is  by  no  means  sufficient  merely  to  take  photographs  of  the  Sun  with  the  spectroheliograph. 
In  order  to  extend  greatly  the  range  of  the  attack,  and  also  to  ex|)lain  the  s[R'clroheliograj)h  results, 
'  '     lis,  botii  visual   and   photographic,  with   other  instruments  are  es,sen(ial.      For 

,  j  r;'"!'''  '"  In-ing  taken  with  the  spectroheliograph,  ex|K)sures  on  tlie  s|K'ctrum  of 

the  regi<jn  under  investigation,  for  the  pur|H).se  of  showing  the  witlened  lines  in  Sun-siHjts  as  well  as 
the  motioiiH  in  the  line  of  sight  of  the  calcium  vapor  in  the  tlocculi,  should  be  provided  for.  These 
niuxt  Ik*  made  with  an  instrument  of  sufficient  dis|)ersion  to  |H'rmit  the  photographs  to  Im-  measured 
with  high  precision.  At  the  same  time,  large  scale  photographs  of  the  j)hotosphere  and  s|x>ls.  made 
bydirwt  plxilugraphic  methiNls,  are  needed  for  comparison  with  tin-  spectroheliograph  results.  .Many 
lH>|ouietrie  Htudl  i1h<j  re«juired,  as  well   as   numerous  other    invest igaticuis  which   will   suggest 
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themselves  to  the  reader.  The  essential  |>niiit  is  that  a  siiinilldiirnus  attack  should  be  made  on  solar 
phenomena  with  a  series  of  |)ower{ul  iiistrunicnts.  each  designed  to  answer  definite  f|ncstioiis,  and  thus 
to  furnish  some  of  the  material  tlint  will  he  recjuircd  for  solvin<^  solar  {)rol)lems. 

But  such  an  attack,  coniincliciisive  as  it  might  he  made,  would  be  greatly  hampered  if  the 
atmospheric  conditions  were  not  favoral)le.  Tlie  ditference  between  the  effects  of  good  and  bad  seeing 
may  be  seen  by  coun)aring  the  blurred  photograph  re{)roduced  in  Fig.  1,  Plate  VII,  which  was  the  Ijest 
that  coiild  be  obtained  at  the  tinu>.  with  the  (larger  scale)  photograph  reproduced  in  Fig.  :{,  Plate  IV, 

which  was  made  witli  piccisdv  llic  sa instruments  and   adjustments  at  a  time  when  the  conditions 

were  unusually  good.  If  sucli  conditions  as  these  latter  could  be  had  day  after  day  for  long  yir-riods  of 
time,  with  occasional  |)eriods  of  even  finer  definition,  nuuiy  questions  now  out  of  reach  could  be  solved. 

A  report  mi  tlic  instrumental  and  atniosplieric  conditions  needed  in  future  work  on  flu-  Sun  may 
be  found  in  the  forthcoming   ]'c(ir  Hool:  (No.  2)  of  the  Cai'negie  Institution. 

OCTOBEK,  190.3. 


DESCRIPTION  OF  THE  PLATES 


PLATE  I 


The  Runiford  spectrolieliograph,  attached  to  the  forty-inch  Yerkes  refractor.  The  shaft  which  is  driven  l)y 
the  deelinatiou  motor  may  be  seen  at  the  right.  It  carries  a  grooved  pulley  near  its  lower  end,  connected  witli  a 
similar  pulley  at  the  end  of  the  camera  box  by  means  of  a  round  leather  belt.  On  the  same  shaft  with  this 
second  pullej-  is  a  spur  gear,  which  engages  with  the  two  gears  on  the  projecting  ends  of  the  screws  that  pass 
through  the  camera  liox.  The  keys  used  to  operate  the  split-nuts  that  clamp  the  plate-caiTiage  to  the  screws,  the 
windows  for  observing  the  spectrum  at  the  middle  and  at  the  ends  of  the  second  slit,  and  the  screw-drivers 
employed  to  push  forward  the  plate-holder  after  the  slide  is  withdrawn,  are  on  the  top  of  the  camera  box.  At 
the  left  end  of  the  l)ox  may  "be  seen  the  door  through  which  the  plate-holder  is  inserted,  and  the  narrow  sliding 
door  in  its  outer  face  through  which  the  slide  is  withdiawn,  as  well  as  the  micrometer  heads  of  the  screws  for 
coutrolliug  the  width  of  the  second  slit  and  for  moving  it  as  a  whole.  The  first  slit,  at  the  end  of  the  collimator, 
is  almost  hidden  from  view  by  the  metallic  screen  required  to  shield  its  mounting  from  the  great  heat  of  the 
solar  image.  Light  reaches  the  first  slit  through  a  long  narrow  opening  in  this  screen.  Mounted  on  four  posts 
above  the  screen,  at  such  a  height  as  to  lie  in  the  visual  focal  plane  when  the  first  slit  is  at  the  focus  for  the  K 
line,  is  a  narrow  metallic  plate,  on  which  a  line  is  drawn  in  the  direction  of  dispersion.  During  an  exposure,  the 
limb  of  the  Sun  is  made  to  follow  this  line.  At  the  end  of  the  electric  cal)le  may  be  seen  the  switches  used  for 
operating  the  declination  motor,  and  (just  below)  the  rod  with  which  the  mirror  in  the  prism  box  is  rotatetl. 
The  interior  of  the  prism  box  is  shown  in  Fig.  1,  p.  8. 

PLATE  II 

Fig.  1. —  Full-size  reproduction  of  a  photograph  of  the  H  and  K  lines  in  the  solar  spectrum,  made  with  the 
curved  first  slit.  The  two  curved  slits  regularly  employed  with  the  siDectroheliograph  to  eliminate  distortion  of 
the  solar  image  have  a  radius  of  522  mm,  equal  to  that  of  the  curved  lines  here  shown. 

Fig.  2. — The  K  line  on  the  solar  disk  and  in  the  chromospliere  at  the  limb  (radial  slit).  The  bright  reversals 
(Kj)  are  due  to  the  floccidi.     Where  faculie  are  present  the  continuous  spectrum  is  more  or  less  strengthened. 

Fig.  3. — H  and  K  lines  on  the  solar  disk  and  in  the  chromosphere  (radial  slit). 

Fig.  3a. —  Shows  H3  and  K3  (very  faintly)  in  a  prominence. 

Fig.  4. — Reversals  of  the  H  and  K  hues  in  the  electric  arc,  showing  the  decrease  in  width  from  the  inner 
(dense)  to  the  outer  (rare)  calcium  vapor. 

Fig.  5. —  Jliuute  calcium  flocculi,  resembling  the  granulation  of  the  photosphere.  The  squares  are  10"  of 
arc  on  a  side. 

PLATE  Tii 

Entire  disk  of  the  Sun,  as  photographed  1903,  August  12,  S*"  52""  C.S.  T.  with  the  H2  line.  Same  size 
as  original  negative.  The  squares  of  the  half-tone  screen  are  too  coarse  to  permit  the  smallest  details  to 
be  shown. 
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PLATE  IV 

Fiti.  1.  Low  l.'xcl  I  H  1  I  >fcli(iii  iif  calc-itiin  liofculi.  showiiif,'  bow  these  llocculi  Mjiin-nr  lo  In'  maili-  up  of 
vi'rti«il  c-oliimus  of  cak-iiiiii  vajxir. 

Fig.  2.  Hi;;li  li-vcl  (H:  I  scc-tioii  of  tin-  .s<iiiu'  floc-cuU,  showing  (faintly)  how  the  vaiM)r  cohmiu.s  sti-m  to  lx» 
Ix-nt  over  at  the  suuiuiit.  as  well  as  expamktl. 

Fio.  3. —  Minute  calcium  flocciJi.  H2  level,  showiiij,'  their  normal  appearance  under  excellent  conditions 
of  sneiug. 

PLATE  V 

Fiii.  1.  For  this  photogra|)h  the  second  slit  was  set  on  the  continuous  spectrum  at  x;31t24.  Consefjuently 
no  flocculi  are  shown,  thougli  th»'  facula-  are  faintly  visible.  The  forms  of  th<-  latter  should  he  comjiared  witli 
thos«'  of  the  flix'culi  in  the  other  liguri-s. 

Fio.  2. —  Low  Ki  level.  Slit  set  at  X3;t2il.  Tiiis  shows  the  dense  caleiuni  vapor  not  far  alwve  tlie  photo- 
sphere. Compare  with  Fig.  1,  and  note  that  even  at  this  low  level  the  calcium  vapor  overhangs,  and  sometimes 
c"ompletely  covers  small  spots. 

Fig.  3.— Higher  K I  level.  Slit  at  X3032.  Though  taken  before  the  photographs  reproducetl  in  Figs.  1 
and  2.  this  picture  further  emi)hasizes  the  differences  noted  at  lower  levels.  The  fact  that  the  changes  are  pro- 
gn-ssive  largely  eliminates  the  time  element,  which  might  otheiwij<e  Ix?  suspectwl  of  causing  the  observed 
differences.  As  a  matter  of  fact,  these  flocculi  are  quiescent  and  slowly  changing,  differing  very  decidetlly  from 
eruptive  phenomena. 

Fig.  4.  K;  level.  Slit  at  X39.S.3.8.  Here  the  calcium  vajwr  is  very  brilliant,  and  covers  a  larger  an?a. 
The  photogniph  contains  di.stinct  evidence  of  dark  ab.sorlnng  masses  at  higher  levels.  Perhaps  the  Viest  instance 
of  this  is  the  dark  tongue  which  runs  somewhat  north  of  west  from  the  small  spot  .south  preceding  the  largest 
one  of  the  group.  This  tongue  seems  to  form  a  part  of  an  extensive  dark  area,  which  completely  sun-ounds  the 
bright  flocculi  of  the  group. 

PLATE  VI 

A  .series  of  photographs,  similar  to  those  in  Plate  V,  showing  the  changes  in  the  calciiun  llocculi  at  dilferent 
levels  alx)ve  the  photosphere.  In  Fig.  4  evidences  may  be  seen  of  dark  flocculi  due  to  absorbing  vapoi-s  at 
higher  levels. 

PLATE  VII 

Flo.  1.  Small  bright  flocculus  at  region  where  the  spot  group  appeared  later.  This  photognxph  was 
taken  when  the  sii-ing  was  very  poor,  and  when  comjiarwl  with  such  a  photograph  as  that  in  Fig.  3,  Plate  IV, 
serves  as  an  excellent  illustration  of  the  imijortance  of  good  seeing. 

Fig.  2. — The  same  region  one  day  later. 

Fio.  3. —  The  same  region  on  the  following  day,  showing  the  calcium  vapor  at  the  H;  level. 

Fig.  4. —  Photograph  of  the  low-lying  H  ,  vapor  corresponding  to  Fig.  3. 

PLATE  VIII 

Flo.  1.—  Calcium  llocculi  surrounding  a  spot  when  near  the  east  limb  of  the  Sun.  The  strong  dark  ivgions 
ill  this  photograjih  ar<-  due  to  too  great  contrast  in  the  original,  and  not  to  dark  caleiuni  ll(H-culi. 

Flo.  2.  The  same  region  almiit  six  hours  later,  as  i)hoti>gni])hed  with  the  JI^  line.  Near  the  spot  the 
bydn)g<Mi  immediately  surrounding  the  spot  appears  to  l)e  bright,  while  an  extensive  dark  hydrogen  floci-ulus  lies 
in  the  ejist,  (x*<'upying  appntxiinalely  the  same  region  as  that  of  th<'  bright  calcium  fliK-eulus. 

It  should  Ix?  note<l  that  all  the  jihotograpiis  of  hydrogen  flocculi  are  sligiitly  dislorte<l,  owing  to  the  fact 
that  a  slriiight  first  slit  and  a  curvinl  second  slit  are  use<l  with  the  grating. 

Fig.  3.  Dark  calcium  flocculus,  corresj}<]nding  to  the  exceptionally  dark  hydrogen  IIiktuIus  shown  in  Fig. 
4.  which  n-prewMits  the  same  n-gioii  of  the  Sun.  The  i-ontnist  in  Fig.  3  is  nither  too  givat,  and  some  r«>gions 
which  might  wM^ni  to  n-Htnnble  (hirk  flocculi  should  apixar  much  lighter. 

PLATE  IX 

'I  III  the  text,  the  contrast  is  too  gri-at  in  litis  photograph,  and  the  ap|M'araiice  of  the 
'•ri-  ••.     In   reality,  till-  dark   regions  in  general   represent   the  hydni^fen  lliH-culi,  though 

•  here  II.  v  placfN  niiir  the  i-iMit  where  bright  fliK-ciili  are  present. 

i  ■  ■  -  '  !>■'  conlniNt  in  thin  photogni)ih  is  more  nearly  what  it  shoiilil  In-,  though  tin-  background  is  in 
K«^iii*nil  l<K>  bright.  Some  well-defiiii^l  examples  of  liright  hyilmgen  tliK-ciili  may  lie  seen  t»(  tin-  west  of  the  s|H)t, 
wh«'n'  nliiiil!  M|K>tM  were  developing  at  the  time. 
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Fio.  3. — This  cut  loprcsents  more  nearly  tlie  Mppiaiancc  of  tlic  dark  liydrogen  floceiili  on  the  negatives. 
As  the  slit  did  not  foincidc  with  tlio  ///3  line  throu^diout  its  Icn^'th,  the  liocculi  arc  not  shown  to  the  west  of  the 
spot.    A  small  brij^lit  ilocculus  niaj-  he  seen  at  the  e.\trenic  ikIj^'c  of  the  tif^uie  on  the  left,  adjoining  the  small  spot. 

Fig.  4. — The  contrast  here  is  rather  too  great,  and  for  this  reason  the  iKickground  appears  tfx)  dark.  The 
general  character  of  the  bright  caleiiiin  flocculi  is  nevertheless  fairly  well  shown.  The  ))right  tongue  extending 
into  the  small  spot  on  the  left  is  eruptive  in  character,  and  corresponds  with  the  bright  hydrogen  flocculus 
referred  to  in  the  description  of  Fig.  3. 

PLATE  X 

Fic4.  1.-  Low-level  photograph,  showing  the  den.se  calcium  vapor  lying  jiLst  alwve  the  photosphere.  In 
this  photograph  very  little  of  the  penumbra  is  covered  by  the  calcium  vapor,  but  evidences  may  l)e  seen,  especially 
in  the  southern  ])art  of  the  penuinlira  of  the  largr-st  spot,  of  the  colnniiis  of  vapor  which  are  greatly  developed  at 
the  higher  levels. 

Fig.  2. —  In  this  photograph  the  calcium  vapor  is  much  better  shown  than  in  Fig.  1.  and  the  beginnings  of 
ei-uptive  phenomena  have  become  more  distinctly  evident. 

It  is  to  be  understood  that  although  the  changes  going  on  in  the  eruptive  phenomena  of  the  spot  group 
prevent  a  perfect  comparison  of  all  tlie  details  of  the  successive  photographs  in  this  and  the  sut)sequent  series, 
the  large  masses  of  flocculi  change  so  slowly  in  form  that  they  may  l)e  compared  without  danger  of  serious  error. 
In  general,  the  differences  Ijetween  the  successive  pictures  are  therefore  due  to  differences  in  the  extent  and 
brightness  of  the  vapor  at  different  levels,  rather  than  to  changes  in  form  which  have  taken  place  Ix-tween 
exposures.  In  order  to  render  possible  a  satisfactory  comparison  of  the  high-  and  low-level  flocculi  suiTouuding 
this  spot,  the  matched  pair  of  photographs,  reproduced  in  Plate  XV,  is  given  for  examination  with  the  stereoscope. 

PLATE  XI 

Fig.  1. — This  photograph,  which  represents  the  high-level  calcium  vapor,  should  be  compared  with  Figs. 
1  and  2,  Plate  X.  It  will  be  seen  that  at  this  level  the  pemmiljia  is  almost  completely  covered,  while  many  of 
the  smaller  spots  are  blotted  out.  There  are  also  distinct  evidences  of  dark  flocculi,  due  to  absorbing  vapors  at 
still  higher  levels.  The  illustration  necessarily  fails  to  indicate  the  brilliancy  of  the  brightest  eniptive 
phenomena,  which  on  the  original  negatives  are  easily  distinguished  from  the  ordinary  flocculi. 

Fig.  2. — This  photograjjh,  which  shows  the  hydrogen  floccidi  surrounding  the  spot  group,  should  be  com- 
pared with  Fig.  1.  The  Ijrighter  regions  are  in  most  cases  eruptive.  In  general,  the  hydrogen  flocculi  in  the  less 
disturjjed  regions  are  dark,  though  they  may  perhaps  Ije  bright  or  neutral  where  they  overhang  the  penumbra, 
and  cover  some  of  the  smaller  spots  of  the  gi'oup. 

PLATE  XII 

The  photographs  reproduced  in  this  plate  represent  the  low-  and  medium-level  flocculi  surrounding  the 
spot  group,  as  they  appeared  on  October  10.  The  changes  in  the  group  may  be  seen  ])y  comparing  these  photo- 
graphs with  those  given  in  Plate  X. 

PLATE  XIII 

Fig.  1.  The  difference  in  level  between  Fig.  2,  Plate  X,  and  Fig.  1,  Plate  XI,  is  too  gi-eat  to  permit  of  a 
satisfactory  study  of  the  changes  in  form  of  the  flocculi  at  different  heights  alwve  the  photosphere.  In  the  pres- 
ent series  it  is  fortunately  possible  to  give  an  intermediate  step,  obtained  by  setting  the  second  slit  immediate!}- 
outside  of  H.;  the  level  shown  therefore  lies  between  that  of  Fig.  2,  Plate  XII,  and  that  of  Fig.  2,  Plate  XIII. 

Fig.  2. — This  photograph,  although  the  same  as  that  reproduced  in  Plate  XIV,  is  given  here  in  the 
endeavor  to  bring  out  the  bright  eruptive  tongues,  which  in  Plate  XIV  are  hardly  to  be  distinguished  from  the 
less  brilliant  flocculi.  The  abnormally  dark  backgroimd  necessarily  results  from  the  deep  printing  required  to 
show  the  exceedingly  brilliant  details.  For  a  general  view  of  the  flocculi  at  this  level  reference  must  be  made  to 
Plate  XIV. 

PLATE  XIV 

This  photogi-aph  belongs  to  the  same  series  reproduced  in  Plates  XII  and  XIII.  It  represents  the  high- 
level  calcium  vapor  photographed  with  the  H,  line,  and  is  made  from  the  same  negative  reproduced  in  Fig.  2, 
Plate  XIII.  By  comparing  this  plate  with  Fig.  1,  Plate  XIII,  the  presence  of  dark  flocculi,  due  to  absorbing 
vapors  at  higher  levels,  may  be  noticed.  It  should  te  remarked  that  a  slight  swaying  of  the  telescope  at  the 
moment  when  the  north  preceding  spot  of  the  group  was  passing  over  the  slit  of  the  spectroheliograph  has  pro- 
duced a  certain  small  distortion  of  the  details,  in  a  narrow  band  extending  through  the  small  spot  in  the  upper 
part  of  the  figure. 
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PLATE  XV 

In  iMinpiiriii^'  the  pli()t<>jrr.ii)hs  c'<>rn'si>oii(liii','  to  diffi'iviit  levels  a  dtui))le  stere<iptieou  is  ust-d,  hy  which 
two  in-j<iitives  can  Ix-  |»n)jtfte«.l  u|xhi  a  serei-ii,  wheR-  the  images  are  exactly  suijerposed.  The  methiKl  has  proved 
so  instructive  that  it  has  seemed  desinihle  to  provide  with  this  paper  a  sini])le  ineaus  of  accoiiiplishiiip  the  same 
residt.  Aci-onliiifrlv.  a  jiair  of  hif;ii-  and  low-level  photof,'raj)hs  has  tK»«>n  arranf,'e<l  for  use  with  the  stereoscoiJe. 
It  is  to  U'  understixKl  that  no  stereoscopic  elTect  in  the  ordinary  sense  will  Iw  ohtaineil  in  examining  these  photo- 
g'ntphs.  The  pjirpose  of  using  the  stereoscope  is  merely  to  allow  the  images  to  be  supeqiosi-d,  thus  permitting 
them  to  be  seen  at  the  sjime  jxiint  in  rapid  succession  by  quickly  moving  a  ciird  so  as  to  cover  alternately  the  two 
lenses  of  the  stereoscopt-.  In  this  way  the  sjime  region  of  the  Sun  may  1k'  examined,  lii-st  as  it  apiK»ars  at  the  low 
level  of  till-  denser  calcium  vapor,  and  then  as  it  ai)i>ears  at  the  higher  level  of  the  rarer  vap<ir.  Thus  the  manner 
in  which  the  calcium  floccidi  overhang  the  ]>emnnl>ra,  and  sometimes  the  umbra  of  spots,  and  the  absence  at  the 
lower  level  of  the  dark  structures  shown  in  certain  parts  of  the  high-level  picture,  can  be  observed.  This  method 
of  comparison  also  gives  an  excellent  means  of  detecting  small  changes  in  the  form  of  the  floc-culi,  as  shown  by 
photographs  i-orrespoudiug  to  the  same  level,  but  taken  at  different  times. 
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THE  SUN,  SHOWING  THE  CALCIUM  FLOCCULI  (H,  LEVEL).     1903,  AUGUST  12,    8h52m     C.  S.  T. 
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Fig.  1.    ;5M()'".     Low  H,  Level 
Slit  at  A3UG2 


Fig.  2.    ;>31'".     H,  Level 
Slit  at  A.3%8.6.     Same  Kegion  as  Fig.  1 


Fig.  3.     3'' 31™.     General  Appearanxe  of  Sun's  Disk  at  H,  Level 

MINUTE   STRUCTURE  OF   THE   CALCIUM  FLOCCULI,   190.3.   SEPTEMBER  22 

Scale:     Sun's  Diameter  =  0.890  Meter 
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Slit  at  A. .3968.0 
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Fig.  2.     Oct.  9,  1''  Oi"'.     Hydrogen  Flocculi 
Slit  Set  on  Hp 

THE  GEEAT  SUN-SPOT  OF  OCTOBER,   1903 
Scale:     Sim's  Diameter  =  0.550  Meter 
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Fig.  1.     Oct.  10,  10'' .59"'.     Calcium  Flocclli,  High  Hi  Level 
Slit  at  X  3907.5 
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Fig.  2.     Oct.  10.  9^09'^^.     Calcicji  Flocculi.  H,  Level 
Slit  at  \ 39fi8.fi 

THE  GREAT   SUX-SPOT  OF   OCTOBER,   1903 
Scale:     Suii'.s  Diameter  —  0.565  Meter 
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THE  SPECTRUM  OF  THE  HKiH  POTENTIAL   DISCHARGE  BETWEEiN 
METALLIC  ELECTRODES  IN  LIQUIDS  AND  IN  GASES  AT 

HIGH  PRESSURES 

By  George   E.   Hale   and   Norton   A.   Kent 

INTRODUCTION 

In  February,  1901,  shortly  after  the  appearance  of  Nova  Persei,  experiments  were  undertaken 
in  the  spectroscopic  laboratory  of  the  Yerkes  Observatory,  in  the  hope  that  some  light  might  be 
thrown  upon  the  phenomena  of  temporary  stars.  It  seemed  desirable  to  repeat  the  important  experi- 
ments of  Wilsing,  whose  work  on  the  spectrum  of  the  high  potential  discharge  between  metallic 
poles  in  liquids  had  led  him  to  propose  a  new  theory  to  account  for  these  abnormal  celestial  outbursts. 
Prior  to  the  work  of  Wilsing  the  presence  in  the  spectra  of  temporary  stars  of  compound  lines,  having 
a  bright  component  toward  the  red  and  a  dark  one  toward  the  violet,  had  usually  been  accounted  for 
as  a  result  of  Doppler's  principle.  It  was  supposed  that  the  sudden  outburst  of  light  had  arisen  from 
the  collision  of  two  bodies  moving  with  enormous  velocities  in  the  line  of  sight.  The  apj>roaching  body 
was  supposed  to  give  a  spectrum  of  dark  lines  and  the  receding  body  a  spectrum  of  bright  lints. 
Thus  in  the  integrated  light  of  the  two  there  should  appear  compound  lines  similar  to  those  observed 
in  Nova  Aurujue.  It  was  recognized,  however,  that  this  hypothesis  was  not  without  difficulties, 
which  were  greatly  increased  later  when  the  spectrum  of  Nova  Normae  was  found  to  resemble 
closely  that  of  Nova  Aurigae,  and  when  it  was  recognized  that  the  spectrum  of  P  Cygni  (the  Nova 
of  1600)  was  characterized  by  similar  pairs  of  lines.  In  all  cases  the  dark  lines  were  the  more 
refrangible  and  the  bright  lines  the  less  refrangible  members  of  the  pairs,  while  the  velocities  corre- 
sponding to  their  relative  displacements  were  far  in  excess  of  the  velocities  of  any  celestial  objects 
ever  observed  with  the  spectroscope.  It  was  also  a  noteworthy  fact  that  the  distance  between  the 
lines,  and  consequently  the  corresponding  relative  velocities  of  the  stars,  underwent  no  important 
change  during  the  period  of  visibility. 

Subsequent  to  the  publication  of  Wilsing's  first  paper,  and  prior  to  the  outburst  of  Nova  Persei, 
it  had  been  generally  recognized  that  the  compound  spectrum  of  Nova  Aurigae  might  fairly  be 
regarded  as  typical  of  temporary  stars.  This  view  had  been  confirmed  by  the  observations  of  Nova 
Carinue  in  1895,  and  of  Nova  Sagittarii  and  Nova  Aquilae  in  1898  and  1899,  respectively;  for  these 
stars  showed  a  similar  spectrum.  Nevertheless,  many  spectroscopists  still  adhered  to  an  explanation 
based  upon  Doppler's  principle.  This  was  doubtless  due  to  the  fact  that  Wilsing's  hypothesis  offered 
an  insufficient  explanation  of  some  of  the  most  characteristic  phenomena  of  temporary  stars.  Though 
presumably  due  to  pressure,  the  shifts  of  the  lines  which  he  had  measured  in  the  spectrum  of  the 
spark  in  liquids  did  not  seem  altogether  harmonious  with  the  pressure  shifts  obtained  by  Humphreys 
and  Mohler  in  gases,  nor  did  Wilsing's  assumption  that  pressures  of  several  hundred  atmospheres 
were  involved  seem  consonant  with  the  known  physical  conditions  of  the  experiment.  Finally,  to 
omit  mention  of  various  minor  objections,  the  dark  lines  in  the  spectra  of  temporary  stars  were  known 
to  be  greatly  displaced  toward  the  violet,  while  the  bright  lines  occupied  nearly  normal  positions; 
whereas  in  the  spark  spectra  recorded  by  Wilsing  the  dark  lines  were  but  little  displaced,  while  the 
bright  lines  were  considerably  shifted  toward  the  red. 

'It  was  with  such  questions  as  these  in  mind  that  the  first  experiments  at  the  Yerkes  Observa- 
tory were  undertaken.      Few  results  of  importance,  however,  could  be  obtained  with   the   induction 
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coils  then  available;  and,  in  the  absence  of  a  suitable  alternating  dynamo,  the  discharge  obtained  in 
water  was  so  unsatisfactorv  that  the  oxporimonts  had  to  be  jwstponi'd.  It  fortunately  becanu'  jxissibk- 
to  renew  tlieui  in  the  following  summer,  through  the  act|uisition  of  a  1  K.  W.  Lnkon  transformer, 
giving  15,000  or  30.000  volts  on  open  circuit,  and  the  opjwrtunity  of  using,  through  the  kindness  of 
Professor  Crew,  a  3.  3  K.  W.  alternating  dynamo  giving  110  volts.'  With  this  apparatus,  together 
with  a  large  condenser  and  various  accessories  supplied  througli  the  kiiulness  of  Dr.  Lreorge  8.  Isiiam 
and  Mr.  James  Lyman,  we  were  able  to  repent  Wilsing's  ex|>eriment8,  and  to  extend  them  in  various 
directions. 

The  jMjssibiiity  of  varying  the  nature  of  the  spectrum  liy  altering  the  chanu-ter  nf  the  liigii 
potential  discharge  was  encountered  early  in  our  work,  antl  has  led  us  to  undertake  various  investiga- 
tions, some  of  which,  if  sufficiently  developed,  might  ultimately  possess  considerable  interest,  espe- 
cially from  a  pliysical  or  a  chemical  stand|K)int.  In  the  course  of  these  investigations  it  has  been 
necessary  to  bear  in  mind  the  principal  object  of  this  research,  viz.,  the  bearing  of  the  results  on 
Wilsing's  pressure  theory  of  temporary  stars.  Nevertheless,  we  have  thought  it  desirable  to  touch 
upon  certain  physical  and  chemical  as}>ects  of  the  problem,  which,  however,  we  have  develojK'd  only 
far  enough  to  suggest  investigations  which  may  ])n)ve  toI)e  worth  undertaking  in  physical  or  chemical 
lalxjratories.     The  work  on  spark  spectra  in  liquids  comprises  Part  I  of  the  present  i)aper. 

In  attempting  to  form  a  clear  conception  of  the  phenomena  of  the  high  potential  discharge  in 
liquids,  it  was  felt  that  an  investigation  should  also  be  made  of  the  spectrum  of  the  high  j)otential 
discharge  in  air  and  other  gases  at  high  pressures.  The  previous  work  of  Humphreys  and  Mohler 
on  the  low  [Mitential  discharge  in  air  at  pressures  up  to  14A  atmosjjheres  had  proved  of  great  interest 
and  importance  from  an  astrophysical  standiwint.  This  had  led  to  the  general  adoption  of  a  law  of 
pressure-shifts,  in  which  the  change  of  wave-length  is  ex[)ressed  as  directly  proixjrtional  to  the  total 
pressure  of  the  surrounding  air.  It  seemed  probable  that  investigations  made  primarily  for  the  pur- 
pose of  elucidating  tLe  phenomena  previously  encountered  in  liquids  might  also  render  possible  an 
extension  of  this  law,  or  at  least  give  a  basis  for  the  discussion  of  any  differences  in  character  which 
the  low  jxjtential  and  the  high  potential  discharges  might  exhibit.  We  hartlly  expected  to  find, 
however,  that  [ilienomena  resembling  those  observed  in  liquids  could  be  reproduced  in  gases  at 
moderate  pressures.  Unfortunately,  the  removal  of  Dr.  Kent  from  the  Yerkes  Observatory  put  a 
Bto|>  to  this  part  of  the  investigation  before  it  was  fairly  begun.  An  account  of  the  few  results 
obtained  is  nevertheless  given  in  Part  II  of  the  present  paper,  as  they  are  of  some  interest  for  com- 
parison with  the  phenomena  observed  in  liquids.  No  general  discussion  of  these  results  is  attempted, 
for  lack  of  sufficient  data. 

Part  III  comprises  a  brief  outline  of  tiie  s|»ectrosc<ipii-  phenomena  of  lenqMirary  stars  and  some 
remarks  <^n  the  bearing  of  our  results  on  Wilsing's  pressure  theory.  It  is  evident  that  tlu'  experiments 
we  have  been  able  to  undertake  are  wholly  insufficient,  both  in  variety  and  extent,  to  provitle  a  suitable 
foundation  for  a  general  discussion.  We  have  therefore  been  cfunpelled  to  limit  ourselves  to  such 
considerations  as  are  suggested  by  tin-  work  in  hand,  leaving  a  cuntinuntion  of  the  discussion  for  some 
future  occasion,  when  further  data  may  be  availal>le. 

The  pajxrr  concludes  with  a  summary  of  tlie  results  of  our  investigation. 

>  Thi>  ■Itaroator  wa«  natMoqueDtlx  purchnaml  by  Dr.  (Juurica  S.  tnhniii  fur  iwrmnnoat  uko  ia  tho  tiwelrosoopic  Inbornliiry  of  ili<-  Y<>rk<>s 
Ob««rv«Utr]r. 
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I.     THE  SPECTRUM  UF  THE  HIGH  POTENTIAL  DISCHARGE  BETWEEN  METALLIC 

ELECTRODES  IN  LIQUIDS 

PREVIOUS    INVESTIGATIONS 

The  possibility  of  producing  compound  spectra,  consisting  of  pairs  of  bright  and  dark  lines,  by 
means  of  a  high  potential  discharge  in  liquids,  was  first  shown  by  Wilsing  in  18!t!(.  He  was  led  to 
undertake  these  ex|ieriments  by  the  desire  to  extend  the  investigations  of  Humphreys  and  Mohler, 
whose  work  on  the  low  potential  discharge  in  compressed  air  covered  tiie  range  from  1  to  14^  atmos- 
pheres. The  work  of  Humphreys  and  Mohler  had  shown  that  the  effect  of  pressure  in  an  atmosphere 
of  air  surrounding  an  electric  arc  was  to  produce  a  dis[)lacement  toward  the  red  of  the  metallic  lines 
given  by  the  arc.  Many  of  these  lines  were  reversed,  but  special  attention  was  called  to  the  fact  that 
the  dark  central  lines  of  the  reversals  were  displaced  equally  with  the  bright  lines.  It  was  also 
pointed  out  that  the  lines  were  but  little  widened  by  the  effect  of  pressure. 

As  the  lines  were  shifted  at  a  pressure  of  12  atmospheres  by  only  al)out  0.05  tenth-meter,  it 
appeared  that  in  order  to  account  for  the  relative  displacements  of  the  bright  and  dark  lines  in  the 
spectrum  of  Nova  Aiirigae,  amounting  to  from  10  to  20  tenth-meters,  pressures  of  several  hundred 
atmospheres  might  be  needed.  In  order  to  avoid  the  experimental  difficulties  which  the  production 
of  such  high  pressures  might  involve,  Wilsing  decided  to  investigate  the  spectra  of  high  potential 
discharges  in  liquids,  taking  advantage  of  the  pressure  effect  produced  by  the  spark  itself.  Previous 
investigations  along  this  line,  beginning  with  the  work  of  Masson,  had  not  been  quantitative  in 
character,  and  seemed  to  have  little  or  no  Iwaring  upon  the  questions  at  issue." 

The  apparatus  used  by  Wilsing  in  his  experiments  is  described  by  him  as  follows: 

I  employed  iu  my  experiments  a  large  iuductorium,  in  the  secondary  cu'cuit  of  which  a  spark-gap  was 
iu.serted  before  the  electrodes  iu  the  usual  way,  in  addition  to  the  battery.  With  the  passage  of  each  spark  a 
blinding  discharge  took  place  between  the  electrodes  in  the  water,  giving  a  very  intense  continuous  spectrum 
crossed  by  faint  lines.  As  the  brightness  of  the  continuous  background  and  the  flickering  due  to  the  irregularity 
of  the  discharge  hindered  the  direct  visual  measiu'ement  of  the  lines,  I  photographed  the  discharge  spectra  in 
water  and  air  on  the  same  plate  with  a  spectrograph,  thus  rendering  possible  a  convenient  and  accurate  determi- 
nation of  the  relative  position  of  the  systems  of  lines  of  the  two  spectra.  The  length  of  the  prismatic  spectrum 
between  X4800  and  X4600  was  about  50  mm.,  and  the  wave-lengths  of  shaip  lines  could  be  determined  within  a 
few  hundredths  of  a  tenth-meter.  Besides  this,  Professor  Lohse  and  Dr.  Hartmann  were  kind  enough  to  make 
me  several  plates  with  a  grating  spectrograph  of  high  dispersion,  and  with  a  large  prism  spectrograph.' 

In  view  of  the  results  obtained  in  the  present  investigation,  it  is  unfortunate  that  the  spark 
apparatus  employed  by  Wilsing  was  not  more  minutely  described,  as  we  now  know  that  the  exact  con- 
ditions under  which  the  discharge  is  produced  have  a  most  important  bearing  upon  the  spectroscopic 
phenomena  obtained. 

With  this  apparatus  Wilsing  investigated  the  spectrum  of  the  spark  in  water  between  terminals 
of  iron,  nickel,  platinum,  copper,  tin,  zinc,  cadmium,  lead,  and  silver.  In  the  spectrum  of  iron  he 
found  numerous  pairs  of  lines  in  which  the  bright  component  was  displaced  considerably  toward  the 
red,  while  the  dark  lines  were  displaced  by  smaller  amounts,  in  some  cases  toward  the  red  and  in 
others  toward  the  violet.  Certain  isolated  bright  lines,  unattended  by  dark  companions,  were  similarly 
displaced  toward  the  red.  Reference  is  made  to  the  fact  that  these  lines  are  faint  and  ill-defined  on 
the  less  refrangible  edge.  The  displacements  of  a  number  of  iron  lines  were  measured  by  Wilsing; 
some  of  the  results  are  given  in  Table  I,  where  e  denotes  an  emission  line  and  o  an  absorption  line. 
In  the  second  column  of  Table  I  are  appended,  for  comparison,  values  of  the  shifts  of  the  same  lines 
as  given  by  our  plate  No.  666,  which  appears  to  have  about  the  same  degree  of  absorption  as  Wilsing's 
photograph. 

2For  an  outline  of  the  earlier  work  see  Wilsing,  Astrophysical  Journal,  Vol.  X  (1899),  p.  116.  ^Ibid.,  p.  118. 


32 


Pi  BLICATIONS    OF    THE    YeBKES    ObSEBVATURY 


Wilsitifj  points  out  that  the  apparent  shift  is  fxroatest  for  bright  linos  which  are  accompanied  by 
more  refrnnfjible  absorption  lines.  This  is  due  to  the  ])reseuce  of  two  strata  of  vapor  near  tlie  elec- 
trodes, "the  inner  and  hotter  of  which  jjives  broadened  and  displaced  lines,  while  the  outer  and  cooler 
gives  a  normal  spectrum  with  narrow  lines."  Hence  the  violet  side  of  the  bright  lines  will  be 
obscured  l\v  the  absorption  of  the  cooler  vapor,  leaving  on  the  red  side  of  the  al)sorption  line  only  the 
|)ortiou  produced  by  broadening.  For  tliis  reason  Wilsing  remarks  that  measurements  of  such  bright 
lines  cannot  be  dejxMided  u\^m  to  give  a  normal  disj)lacement.  In  other  cases,  depending  ujwn  certain 
variations  in  the  intensity  of  the  discharge  and  the  development  of  vapors  at  the  electrodes  (which  are 
not  explained  in  the  paper),  the  emi.ssion  and  ab.sorption  spectra  change  places,  and  may  perhaps  over- 
lap each  other  in  the  integrated  image. 

TABLE   1 

Sbupts  as  Measdred  by  Wilsing   and  by  Kent 

(OoKreesof  absorption  on  the  two  platos  approximately  identical) 


Di^placomoDts  townrd  tho  Red  in  Teuth-net4?r6: 

Positive  Uuless  Otherwise  Stated 

Typo  of  Lino 

WaTO 

-Longthsof  Lioes* 

esignitios  emidsidn 

a  eiKDities  absorption 

Wilsing 

Plate  666    Kent 

3749.G1 

1 

0.09 

.81 

0.03 
.54 

a 

e 

G5.70 

.13 

.10 

e 

G7.32 

1 

.05 
.17 

.01 
,31 

a 
e 

3815.99 

i 

-.07,  -0  22 
.51,      1.12 

.01 
,45 

a 
e 

27.98 

) 

-.10,-0.16,0.00 

,00 

a              • 

.92,      1.06, 0.76 

,.37 

e 

34.38 

1 

-.07 
.36 

.01 

a 
e 

1071.92 

.11 

.03 

a 

4118.72 

.22 

.03 

e 

4199.27 

.16 

.06 

e 

4307.96 

! 

-.05 
1.12 

-.01 
.44 

a 
e 

&^71 

) 

.00 
1.33 

-,01 
,48 

a 

e 

*  Ware-lonKtba  of  linos  and  intensities  taken  from  Eznor  and  Hascbck's  tables  of  the  spark 
spectrum  of  iron. 


Various  metals  otiier  than  iri)ii  were  also  used  by  Wilsing.  With  platinum  the  linos  were 
slightly  diffuse,  but  no  appreciable  displacement  could  be  detected.  With  nickel  the  lines  were 
broader  and  more  displaced  than  in  the  case  of  iron.  Cop[x>r  gave  l)ioad  bands,  which  were  eveu 
more  characteristic  of  tin,  zinc,  and  cadmium,  where  the  displacements  were  very  great.  Some  of 
tluise  bands  contain  narrow  ma.\ima  of  intensity.  Wliile  well-defineil  toward  the  violet,  the  bands 
were  rather  diffuse  toward  the  red,  thnugli  they  usually  had  a  more  or  less  distinct  lioundary 
on  this  side,  bfyoiid  which  the  intensity  of  the  bright  l)and  fell  otf  ra|>idly.  In  tlie  zinc  s|H'ctruin 
a  prominent  absorption  line  was  found,  considerably  displaced  toward  the  red.  The  strong  cadmium 
line  \  4418. 2i{  was  not  displaced,  but  merely  syninietrically  broadeinnl.  Silver  gave  no  lines;  a  con- 
tinuous HjH'ctruni  cinlv  was  presi-nl.  ,\dditinn»l  peculiarities  were  noticed  in  the  case  of  magnesium, 
lead,  and  other  metals. 

In  his  further  account  of  the  resullH,  Wilsing  remarks: 

The  nia;;iiilud)-  of  tin-  diN|)lac<-nu-iil  and  llir  l)i'<iadiMiiMi.r  of  tin-  un-tallic  lint>s  is,  iiule<-d,  of  a  siinihir  unlcr 
ill  the  CUM-  of  till-  variouH  plalfM,  but  notici-ablr  til ITi-mici'fvnfverl In-less  m-ciir,  which  are  in  part  to  l)f  altril>ute<) 
to  the  difTiTi'iit  dunitimi  of  <'X|)osure  and  develiipineiit  of  platt-M,  but  cliielly  to  thi-  varying  intensity  of  iliscliarj,'e, 
which  chanKc"  with  the  stn'Ufflli  of  tin-  current  and  tin-  tlistance  of  the  electnxles. 
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Wilsing  suggestfd  that  it  would  l)o  desirable  to  investigate  the  spectra  in  different  liquids,  and  indeed 
tried  both  water  and  alcohol;  but  no  ap[)reciable  differences  were  found  in  these  two  cases,  and  with 
oils  the  liquid  was  so  rapidly  clouded  by  decomposition  that  no  photographs  of  the  specti'a  could  be 
obtained. 

Wilsing  remarks  that  his  results  are  in  agreement  with  those  of  Humphreys^  and  Mohler, 
because  in  both  investigations  the  lines  in  the  S[)ectra  of  tin.  zinc,  and  cadiniuin  suffcnKl  greater 
displacements  than  those  in  the  spectra  of  iron  and  platinum.  Assuming  a  [iroportionality  between 
pressure  and  displacement,  he  coni'hided  that  the  pressure  resulting  from  the  discharge  in  water  must 
amount  to  several  hundred  atmospheres. 

In  commenting  on  these  results,  Kayser' states  that  he  considers  a  quantitative  comparison  with 
the  results  of  Humphreys  and  Mohler  impossible.  In  this  connection  he  points  out  that  these  inves- 
tigators found  the  following  displacements  at  a  pressure  of  12  atmospheres:  Pt  0.02  tenth-meters,  Fe 
0.02o,  Cu  0.033,  Su  0.055,  Zn  0.057;  whereas  Wilsing  found:  Pt  0.00.  Fe  up  to  1.00,  Cu  up  to  5.00, 
Sn  up  to  2.50,  Zn  up  to  (xOO. 

In  a  paper  read  before  the  Royal  Society  on  March  6,  1002''  Lockyer  describes  his  experiments 
at  the  South  Kensington  Observatory  on  spark  spectra  between  metallic  poles  in  water,  and  discusses 
their  bearing  on  the  results  of  Wilsing  and  the  theory  of  temporary  stars.  In  his  earlier  experi- 
ments the  large  Spottiswoode  coil,  capable  of  giving  a  105  cm.  spark  in  air,  was  used  with  a  large 
glass  plate  condenser  so  that  a  spark  3  mm.  long  in  air  and  about  0.5  mm.  long  in  water  was  pro- 
duced. Subsequently  a  25  cm.  coil  was  used  in  place  of  the  larger  one.  With  the  latter  coil, 
employed  with  a  4:5-liter  Leyden  jar,  placed  in  parallel  with  the  secondary  circuit,  photographs  were 
made  of  the  spark  spectra  of  several  metals  in  water,  using  a  15  cm.  Rowland  grating  of  6.5  meters 
radius  of  curvature.  Of  the  six  metals  examined  only  three — iron,  zinc,  and  magnesium — showed 
reversals  of  the  principal  lines.  In  discussing  his  results  Lockyer  refers  to  the  existence  of  several 
types  of  lines  in  the  spectrum  of  a  given  element,  and  points  out  that  in  many  cases  the  unsym- 
metrical  reversals  obtained  closely  resemble  reversals  which  he  had  observed  in  the  electric  arc  in  air 
many  years  before.  He  divides  the  lines  investigated  into  three  types,  as  follows:  (1)  broadened 
bright  lines,  sharply  defined  toward  the  violet  and  diffuse  toward  the  red;  (2)  broadened  bright 
lines  with  central  absorption;  (3)  broadened  bright  lines  with  non-symmetrical  absorption,  maximum 
of  emission  toward  red. 

Lockyer  refers  to  variations  in  the  relative  intensities  of  certain  lines,  but  he  apparently  did 
not  recognize  that  the  relative  intensities,  as  well  as  the  displacements  of  the  lines  and  the  absorption 
phenomena,  can  be  varied  between  wide  limits  by  such  methods  as  will  be  described  in  the  present 
paper. 

In  discussing  the  bearing  of  his  results  on  Wilsing's  theory  of  temporary  stars,  he  concludes 
that  "the  pairs  of  bright  and  dark  lines  shown  in  the  spectra  of  new  stars  do  not  arise  from  the  cause 
which  produces  the  appearances  presented  in  the  spectrum  of  the  spark  in  water." 

Konen's  work*  was  devoted  more  particularly  to  the  low  potential  discharge  in  liquids,  but  also 
contains  important  results  obtained  with  the  high  potential  discharge  in  water  and  other  liquids.  He 
distinguished  between  the  results  obtained  with  (1)  the  glow  tlischarge;  (2)  the  brush  discharge; 
(3)  the  uncondensed  spark;  and  (4)  the  condensed  spark.  He  employed  two  induction  coils,  one 
giving  a  spark  30  cm.  long,  the  other  a  very  large  coil  made  by  Klingelfuss,  giving  a  spark  1  m. 
long.  This  coil  was  supplied  with  currents  up  to  25  amperes  developed  by  a  storage  battery.  The 
primary  current  was  made  and  broken  by  a  Foucault  interrupter,  while  the  secondary  spark  could  be 
condensed  by  the  introduction  of  capacity  to  a  leng*^h  of  7  or  8  mm.  in  air,  or  1  mm.  in  water.     In 

*  Handbuch  der  Spectroscopic,  Vol.  I,  p.  228. 

^Proceedings  of  the  Royal  Society,  Vol.  LXS  (1902),  p.  31. 

••H.  KoNEN,  "Eio  Beitrag  zur  Kenutaiss  spoctroskopischer  Methoden,"  Aiinalen  der  Phijsik,  Vol.  IV.  No.  9  (1902).  p.  742. 
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series  with  this  spark  was  an  adjustable  air-<?np.  Electrodes  of  various  diameters  and  shajjes  were 
employed,  anil  the  sin-ctnun  of  the  spark  in  a  large  number  of  liquids  was  photographed.  No  experi- 
ments were  made  on  the  etfect  of  self-induction. 

Koneu's  observations  on  the  glow  and  brush  discharges  need  not  be  referred  to  here,  as  they 
did  not  give  the  spectra  of  the  electrodes,  and  such  di.scharges  were  not  employed  in  the  course  of  our 
own  investigation.  With  the  condensed  di.scharge  short  explosive  sparks  were  obtained,  which 
undoubleilly  produced  considerable  pressure  in  the  liquid.  Konen  found  in  all  cases,  as  Wilsing  had 
done,  that  the  spectrum  of  the  condensed  spark  contained  both  bright  and  dark  lines.  From  this 
and  other  remarks  in  his  paper  it  ap|>ears  that  he  did  not  produce  any  imp<jrtanf  clinnges  in  the 
character  of  the  s{)ectra  by  changing  the  constants  of  the  circuit.  He  was  also  unable  to  rejjeat  our 
esjK.'riment8,  briefly  described  in  a  paper  published  in  March,  Iil0j2,'  which  showed  that  the  use  of 
strone  salt  solutions  will  tend  to  increase  the  number  and  strength  of  reversals.  Konen  criticises 
Lockver's  contention  that  the  phenomena  observed  are  due  simply  to  niisymmetrical  reversal,  and 
lK>iuts  out  that  Lockyer  overlooked  various  types  of  lines.  He  also  remarks  that  the  displacements 
are  very  different  for  different  lines,  and  considers  that  it  would  be  useless  to  attempt  an  explanation 
of  the  phenomena  given  by  the  spark  in  liquids  in  the  absence  of  more  detailed  investigations.  From 
the  table  of  wave-lengths  and  intensities  which  accompanies  Koneu's  article,  it  would  appear  that  his 
conditions  corres[K)nded  closely  with  those  which  obtained  in  our  own  work  when  considerable  self- 
induction  was  used  in  the  discharge  circuit.  In  the  extreme  ultra-violet,  where  the  nature  of  our 
apparatus  did  nut  permit  us  to  work,  Konen  found  dis[)lacements  of  bright  iron  lines  toward  the  red 
as  gn-at  as  2  tenth-meters.  In  this  region  [\  2t')0t) — X  27oo  j  the  lines  in  his  photographs  were  sharp. 
Konen  also  gives  some  results  for  aluminium  and  copper. 

Three  preliminary  notes  on  our  own  experiments  have  been  published.  In  the  first  of  these"  a 
brief  account  is  given  of  our  earlier  results,  showing  that  the  reversal  phenomena  could  be  controlled 
by  varying  the  electrical  constants  of  the  discharge  circuit,  and  the  nature  of  the  liquid.  In  this 
paper  it  was  stated  that  no  dark  lines  were  obtained  in  the  s[wctrum  of  the  discharge  of  an  Apps 
induction  coil.  It  was  sub.scquently  found  that  this  result  was  due  to  tin-  particular  conditions  under 
which  the  exjieriment  was  made,  and  that  this  coil  will  give  results  similar  to  those  obtained  by  our 
transformers.  It  was  also  stated  that  the  preliminary  experiments  to  test  the  effect  of  self-induction 
had  given  negative  results,  but  that  they  were  regarded  as  inconclusive  and  would  be  rejn^ated. 
With  more  suitable  apparatus  we  have  since  found  that  the  most  satisfactory  way  of  controlling  thi> 
absijrption  phenomena  is  by  varying  the  self-induction  in  the  ilischarge  circuit. 

A  second  note'  refers  to  the  fact  that  in  the  spark  8|>ectra  of  a  large  number  of  metals  the 
reversals  first  apix-ar  in  the  ultra-violet,  and  advance  gradually  toward  the  less  refrangible  region  as 
the  conditions  for  reversal  become  more  favorable,  thus  corresiK)nding  with  the  results  previously 
obtained  by  Liveing  and  Dewar  with  the  electric  arc.  In  a  third  note'"  we  have  given  further  results 
obtained  with  the  spark  in  liquids,  and  a  preliminary  account  of  our  more  recent  work  on  the  spark 
in  gases  at  high  pressures. 

AIM'ABATUS 

The  apparatus  employed  during  tliis  investigation  was  as  follows: 
A.     For  pnxlucing  the  8|>ark: 

1.  A  ii.l  K.  W.  shunt-wound  Westcjii  motor,  fetl  from  the  main  110-volt  circuit  of  the  Obser- 
vatory |K)Wer-house. 

'  A§troph^ilciil  JotimttI,  Vol.  XV  ilMCl.  |i.  IX!. 

•<ii!<»oe  K.  II  (i.K,  "  NuU>  on  tlm  Spark  S|>-clruiii  of  Iron  in  Li<|ulil«  nnil  in  Air  at  liiuli  Preuum,"  ihitl, 
•Oaiiiuilt  K.  Hale,  "Holoctlrn  AbMirpllon  ••  ■  Kuucliou  u(  Wnm  L^nKtli,"  ihiil.,  p.  'JZ1. 

■•OvtluK  R.  IIalk  and  N.  A.  Kkvt.  "Sncood  Note  on  llix  Spark  Spr«triini  of  Inin  In  LI<|uiiU  ami  ('oiiiprf<a»ril  (Ja>p^."  itii<(..  Vol. 
XVII  lltU),  p.  IM. 
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2.  A  3.3  K.  W.  8-])olo  nltenmtor  (fun])cn!S  30,  volts  110 j,  which  gave,  at  1,875  revolutions 
per  inimite  (its  iionual  spei'd),  125  com [)l(!to  cycles  per  second.  As  exciting  current,  the  regular 
llO-volt  circuit  was  used.  In  this  circuit  was  placed  a  50-8tep  General  Electric  resistance  box,  which 
gave  a  maximum  resistance  of  75  ohms,  or  1.5  ohms  per  step. 

3.  Three  transformers: 

(/ 1  A  Lakon  1  K.  W.  instrument  of  four  coils,  two  each  in  both  [)rimary  and  secondarv,  built 
for  a  jirimary  potential  difference  of  110  or  220  volts  (used  by  us  always  at  110),  and  giving  a  sec- 
ondary terminal  voltage  of  15,000  or  30,000. 

//)  A  "ty[)e  H"  General  Electric  3.7  K.  W.  transformer,  ratio  of  transformation  110  to  .30,000. 
This  instrument  was  kindly  loaned  to  us  by  Professor  Rogers,  of  Lewis  Institute,  Chicago. 

c)  An  Apps  induction  coil,  capable  of  giving  a  12-inch  spark  from  a  primary  current  of  15 
amperes.  As  used  in  this  investigation  the  "make  and  break"  was  cut  out,  and  an  alternating  current 
was  passed  through  the  primary. 

4.  To  measure  the  current  flowing,  the  potential  difference  at  the  transformer  terminals,  and 
the  power  developed,  three  Thomson  instruments  made  by  the  General  Electric  Co.:  (a)  a  watt 
meter  reading  to  25  hectowatts  (potential  limit  150  volts,  current  limit  25  amperes) ;  (6)  an  ammeter, 
limit  50  amperes;  (c)  a  volt  meter,  limit  150  volts.  By  use  of  a  double-throw,  double-pole  switch  the 
ammeter  could  be  employed  at  any  time  to  measure  the  current  in  the  field  circuit  of  the  alternator. 

5.  A  condenser  built  of  7.8  mm.  glass  plates  and  pieces  of  thin  sheet  brass,  30  cm.  wide  by 
35  cm.  long.  Assuming  the  specific  inductive  capacity  of  glass  to  be  6,  the  capacity  of  a  single 
elementary  section  would  be  probably  about  0.0007  microfarads.  The  combinations  generally  used 
were: 

4  plates  giving  about  0.003  microfarads 

7  "  "  "      0.005 

8  "  "  "      0.006  " 

9  "  "  "      0.007  " 
19      "           "           '•      O.OU 

The  maximum  capacity  obtainable  was  about  0.07  microfarads. 

As  considerable  sparking  occurred  between  the  elementary  sections,  the  condenser  was  covered 
with  paraffin.  Finally,  as  the  difficulty  was  not  entirely  cured,  part  of  the  bank  of  plates,  containing 
the  sections  of  1,  2,  -4,  7,  8,  9,  and  19  elements,  was  placed  in  a  tank  filled  with  transformer  oil.  This 
completely  prevented  sparking. 

6.  In  the  discharge  circuit  of  the  condenser,  in  series,  always,  [a]  an  air-gap,  and  [h]  the 
vessel  in  which  the  discharge  in  the  liquid  occurred;  also  often  (c)  a  coil  of  self-induction,  (rZ)  ohmic 
resistance,  in  the  form  of  a  column  of  liquid  or  a  fine  wire,  or  (e)  a  second  or  "accessory"'  spark-gap 
in  a  liquid  or  in  air. 

a)  The  air-gap  terminals  were  mounted  upon  a  rotatable  device  which  held  terminals  of 
various  shapes  and  sizes. 

b)  The  first  liquid  receptacles  were  rude  affairs.  When  the  importance  of  the  investigation 
had  been  fully  proven,  a  more  convenient  vessel  was  built — a  tank  (made  of  4  cm.  oak)  of  which  the 
internal  dimensions  were  17.5  X  10  X  10  cm.  This  was  fitted  in  front  with  a  glass  window,  and  on  two 
sides  with  pieces  of  brass  pierced  with  threaded  holes  through  which  were  screwed  brass  rods.  The 
inner  ends  of  these  were  threaded,  and  to  these  ends  were  screwed  small  caps  bearing  terminals  of 
the  metals  to  be  investigated.  The  caps  could  be  removed  by  screwing  the  brass  rods  back  a  short 
distance.  The  spark-gap  could  be  adjusted  by  screwing  the  rods  in  or  out.  An  oaken  cover  was 
provided  for  use  at  higher  liquid  pressure. 

This  tank  served  for  a  time.  Finally  a  more  satisfactory  vessel  was  made  from  a  brass  cylinder, 
18  cm.  deep  by  10  cm.  in  diameter.     The  use  of  a  metal  made  insulation  necessary.     Threaded  brass 
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rcxls  15  cm.  long  entered  the  tank  through  ebonite  cylinders,  3  cm.  in  diauKter  and  11  cm.  long.  The 
terminal-hearing  caps  were  screwed  on  as  before.  Light  from  the  spark  reached  the  spectr<).*K.-oj)e 
through  a  glass  window  in  the  front  of  the  tank,  and  a  window  in  the  rear  permitted  the  spark  to  be 
seen  while  running.  The  tank  was  supjxjrted  on  an  iron  tripod,  with  leveling  screws,  by  means  of  a 
hollow  shaft,  through  which  ran  a  drain-lnVx\  A  stop-cock  at  the  end  of  the  tube  jiermitted  a  regu- 
lation of  the  tiow  of  the  li(juid.  A  constant  level  was  obtaineil  by  means  of  two  etHux  tubes  set  in 
the  side  of  the  tank,  either  one  of  which  could  be  used.  They  gave  water-levels  of  15  mm.  and  50 
mm.  resi)ectively.  The  tank  cover,  which  could  be  screwed  on  very  quickly,  was  fitted  witli  pressure 
gauges,  influx  tube,  and  a  small  check-valve  to  permit  the  air  to  escape  while  the  tank  svas  tilling. 
Water  was  supplied  from  a  pipe  directly  above  the  tank.  The  terminals  of  tlu'  water-gap  were 
adjusted  by  inserting  between  them  small  pieces  of  brass  (0.1,  0.2,  0.3,  ....  1.0  mm.  thick,  as  the 
ease  might  be),  and  then  screwing  up  the  movable  terminal  until  it  touched  the  measuring  piece 
lightly.  Then  the  latter  was  withdrawn.  During  extended  exposures  the  length  of  the  gap  was 
adjusted  at  regular  intervals,  which  ranged  in  ditferent  ca.ses  from  thirty  seconds  to  five  minutes, 
according  to  the  rapidity  of  consumption  of  the  metal.  It  wjfs  in  lliis  brass  tank  that  most  of  the 
exj)eriments  described  in  this  section  were  performed. 

c)  The  self-induction  coil  was  made  of  No.  10  B.  tV:  S.  ••okonite"  covered,  copper  wire.  The 
wire  was  wound  on  a  cardboard  cylinder  in  a  single  layer,  and  was  split  into  sections  of  2.  3,  4,  5,  6, 
7,  8,  9,  and  9  coils  each,  followed  by  nine  sections  of  ten  coils  each,  or  1-13  turns  in  all.  The  coil  was 
o7.5  cm.  long  by  10.9  cm.  in  diameter. 

(/)  Ohmic  resistance  was  inserted  in  the  form  of  either  several  yards  of  No.  28  B.  &  8.  copper 
wire,  or  a  column  of  liquid  in  a  tube. 

e)   The  accessory  spark-gap  was  formed  in  various  ways  (see  page  3S,  item  4). 

At  this  jjoint  it  may  be  well  to  state  that  in  many  cases,  especially  during  the  latter  part  of  the 
investigation,  the  air-spark  was  rendered  more  regular  and  reliable  by  the  use  of  an  electric  fan 
running  at  about  forty  revolutions  per  second.  This  permitted  the  use  of  combinations  of  the  con- 
stants of  the  circuit  which,  without  the  fan.  would  have  given  intermittent  water-sj)arks  re<piiring 
very  long  ex[Hjsures.  So  far  as  is  known,  the  use  of  the  fan  niaki-s  no  difTerence  in  the  absorption 
phenomena.  This  statement  is  based  on  several  separate  experiments.  Without  the  fan  only  the 
intermittent  disrui>tive  air-sparks  cause  a  luminous  discharge  in  the  water;  with  it  every  ilischarge  is 
disruptive.     Thus  the  necessary  ex[x>sure  time  is  reduced. 

B.  For  collecting  the  light  of  the  luminous  sources  a  simple  and  satisfactory  arrangement  was 
ado|)ted.  All  pieces  of  apparatus  were  mounted  rigidly  on  a  circular  table  about  180  cm.  in  diameter, 
and  were  so  placed  that  the  sparks  produced  were  situated  on  tin-  circunifereiic.e  of  a  circle  (^139  cm.  in 
diameter  and  eccentric  with  the  tablej,on  the  center  of  which  was  a  plane  mirror  capable  of  rotation 
about  a  vertical  axis  in  the  plane  of  its  face.  The  light  from  any  source  could  thus  be  thrown  at 
once  either  (1)  on  a  lens  which  fcx-used  it  u{>on  the  slit  of  a  low  dispersion  spectroscoiKj  —  the 
arrangement  used  in  the  ])reliminary  and  qualitative  investigation,  or  (2)  u|K)n  a  22.5  cm.  concave 
mirror  (  ffjcal  length  about  2  nictcrsj,  the  [Hisition  of  which  was  such  that  an  enlai'gt-d  image  was 
formed  upon  the  slit  of  a  concave  grating  sjK'ctroscope  in  an  adjoining  room  —  the  arrangement  used 
in  quantitative  work   (Plate  XVIj. 

C.  For  analy/.ing  tlie  luminous  sources  two  sets  of  instruments  were  employed: 

First,  fur  tiie  qualitative  work,  (a)  the  solar  B|)ectrograph  formerly  used  at  the  Kenwoiwl  Obser- 
vatory, equip|>ed  with  n  30  n-Hecting  prism;  or  (/>)  the  one-prism  stellar  8|>ectrograph,  formerly 
attached  to  tiie  40-inch  refractor. 

Se<-ond,  for  the  quantitative  Work,  a  llt-cni.  Rowland  concave  grating,  of  ll.l.'JS  lines  In  liir 
inch  (5,072  Ui  the  cm.)  and  3m.  radius  of  curvature,  giving  a  s|H'ctrum  in  the  tirst  order  on  the  scale 
of  6.03  tenth-metera  l»er  nini.      ( )idy  the  (irsl  <inler  was  used.      .\  dillicully  was  presented  by  the  fai't 
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that  the  ultra-violet  and  <,'ix'en  regions  of  the  spectrum  were  brilliant,  while  the  violet  was  extremely 
weak.  Thcreforo,  to  rciuk'r  uniform  the  extended  region  (28.7  cm.)  covered  in  one  exposure,  from 
\338()  to  X4'.IU0,  a  light  canihoard  screen,  cut  .so  as  to  expose  the  less  brilliant  portion  for  a  greater 
time,  was  moved  up  and  down  during  the  exposure  in  a  vertical  plane  3  cm.  in  front  of  the  plate. 
Tliis  motion  was  produced  by  a  sim[)le  device  run  by  a  small  electric  motor.  The  arrangement 
worked  so  well  that  various  screens  were  cut,  suitable  for  both  the  comparison  and  the  water 
spectra  of  the  various  metals."  It  was  found  that  the  ordinary  slotted  metal  shutter,  turning  about 
a  horizontal-  axis,  and  used  in  photographing  a  comparison  spectrum  on  either  side  of  the  water- 
spark  spectrum,  gave  a  decided  dift'raction  etfect  at  the  junctions  of  the  two  s[)ectra.  To  remedy 
this,  the  old  shutter  was  replaced  by  two  properly  slotted  metal  shutters  slipjjed  in  from  above, 
one  during  the  comparison  spectrum  exposure,  the  other  during  that  of  the  water-spark.  The 
advantage  of  this  method  lies  in  the  fact  that  the  latter  form  of  shutter  can  be  placed  very  near  the 
plate  (i.  e.,  11  mm.). 

D.  For  measuring  the  displacements  of  the  lines  on  the  high  dispersion  plates  a  Zeiss  comparator 
was  employed,  of  double  microscope  pattern,  giving  a  magnification  of  about  eight  diameters.  A 
single  wire  was  used  in  the  eyepiece.  The  plates  were  placed  violet  left,  and  four  settings  were 
made  upon  the  outer  or  comparison  spectrum,  and  two  upon  the  inner  spectrum ;  then  the  same  set  of 
measurements  was  repeated  with  the  plate  placed  violet  right.  Duplicate  measurements  of  the  same 
line  generally  agree  to  0.01  tenth-meter.  The  measurements  made  upon  the  plates  of  the  self-induc- 
tion series  are  particularly  reliable,  owing  to  the  fact  that  the  self-induction  renders  the  lines  sharper. 
All  of  the  measurements  were  made  by  Dr.  Kent.  The  photographic  plates  used  were  Cramer 
"Isochromatic,"  and  Seed  "Gilt  Edge"  No.  27. 

qualitative  investigation  with  low  dispersion 

General  behavior  of  the  sjntrk  in  liijidtls. — A  few  general  facts  concerning  the  behavior  of  the 
spark  in  liquids  are  as  follows: 

A.  In  water: 

1.  Usually,  when  the  water-gap  is  large  (1  mm.),  the  discharges  do  not  follow  each  other  in 
rapid  succession  and  are  fairly  disruptive.  With  a  small  water-gap  (0.3  mm.)  and  moderate  (5  mm.) 
air-gap,  the  discharge  is  more  regular  and  more  disruptive.  With  small  water-gap  (0.3  mm.)  and 
large  (20  mm.)  air-gap,  the  discharge  in  water  is  very  regular,  and  extremely  brilliant  and  disrup- 
tive. In  all  these  cases  the  accessory  spark  is  supposed  to  be  disruptive — inlierently  so,  or  rendered 
so  by  the  action  of  the  fan.  When  the  accessory  spark  tends  to  arc,  the  spark  in  water  either  becomes 
intermittent  or  does  not  occur  at  all. 

2.  There  may  be  produced  a  discharge  which  is  fairly  brilliant  and  i-egular,  but  so  quiet  that 
to  hear  it  the  ear  must  be  placed  quite  near  the  tank.  This  discharge  occurs  when  both  air-  and 
water-gaps  are  short  (0.2  mm.  and  U.5  mm.). 

B.  In  liquids  other  than  water: 

1.  The  phenomena  in  general  resemble  those  in  water.  In  salt  solutions  of  even  as  low  as 
1  or  2  per  cent,  concentration  the  spark  becomes  much  fainter,  more  restricted  in  size,  and  often,  in 
extreme  cases,  consists  of  merely  a  quiet,  non-disruptive  discharge  of  a  reddish  tinge.  Strong  (40  to 
60  per  cent. )  zinc  chloride  solution  produces  the  same  effect ;  and  the  broad  statement  may  be  made 
that  increasing  the  conductivity  of  the  liquid  produces  a  weakening  of  the  spark. 

2.  In  methyl  alcohol  the  discharge  is  extremely  brilliant. 

3.  In  kerosene  and  glycerine  a  large  amount  of  gas  is  evolved. 
The  previous  statements  refer  to  iron  terminals. 

11  The  intensity  of  the  ultra-violet  spectrum  falls  off  rapidly  after  the  spark  is  started,  unless  the  water  in  tbe  tank  is  frequently 
renewed. 
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Attention  should  W>  inllwl  to  the  fact  thnt  titanium  and  chnmiium  in  water  give  much  more 
brilliant  pjmrks  than  iron.  Tliis  is  ospfcinlly  true  of  titanium.  Tin-  nnmunt  of  vapor  developed  with 
both  titanium  and  c-hromium  is  probably  great  because: 

(I  I   The  simrk  is  larj^e  in  size. 

h  ]   The  terminals  are  eaten  away  rapidly. 

<•  I    The  shattering  effect  u|)on  the  terminals  is  very  great. 

These  statements  apply  esjiecially  to  titanium. 

With  strong  (30  to  (jO  per  cent.)  zinc  chloride  and  moderately  strong  (3  to  4  per  cent.)  sodium 
chloride  solutions,  the  ends  of  the  terminals  become  cui)-sliaped.  suggesting  that  the  discharge  occurs 
principally  l)etween  the  central  regions  of  the  terminals.  This  [jhenomenon  is  not  met  with  in  the 
case  of  the  spark  in  carbon  dioxide  and  air  at  atmosjjheric  pressure. 

Results  irith  iron  ch'cfvo<h'S.- — When  this  investigation  was  first  undertaken,  it  occurred  to  us 
that  the  character  of  the  sj^ectrum  obtained  might  perhaps  be  altered  \>\  a  change  in  the  depth  at 
which  the  spark  took  place  beneath  the  surface  of  the  water.  Following  out  this  idea,  there  was 
taken  a  series  of  six  plates  in  which  the  water-level  was  varied  from  25  cm.  to  (i  m.  above  the  point  of 
discharge.  For  a  small  water  di'i)th  a  wooden  tank  fitted  with  one  glass  side  was  used;  for  the 
greatest  depths,  there  was  substituted  a  glass  bottle,  provided  with  a  wooden  stopper,  which  was  fitted 
with  a  tube  by  means  of  which  the  inclosed  liquid  could  be  subjected  to  the  pressure  of  a  column  of 
water  reaching  to  the  level  of  the  storage  tanks  of  the  building.  For  terminals,  pieces  of  galvanized  iron 
wire  2.3  mm.  in  diameter  were  used.  The  result  was  a  rather  remarkable  set  of  plates,  wliich  showed  a 
progressive  change  from  a  bright  line  sj)ectruui  at  low  water  pressure  to  an  ab.sorption  spectrum  at  the 
highest  pressure.  This  change  suggested  further  exjwriments  in  which  capacity,  length  of  water-  anil 
air-gap.  diameter  of  water-  and  air-gap  terminals,  ohmic  resistance,  and  self-induction  in  the  discharge 
circuit  were  severally  the  variables.  The  investigation  was  made  qualitatively,  and  the  instruments  used 
were  the  one  prism  solar  and  stellar  s{)ectrographs.  The  results  are  briefly  described  below.  Table  II 
shows  the  conditions  under  which  the  plates  therein  given  were  taken.''  The  conclusions  are  based, 
not  merely  u|X)n  these  typical  plates,  but  uj)on  a  large  number  of  exposures  made  at  various  times 
througliout  the  investigation.  In  view  of  the  complexity  of  the  phenomena,  and  the  extreme  difficulty 
of  controlling  all  the  conditions  that  may  affect  them,  some  of  these  conclusions  are  to  be  considered 
as  merely  probal)le,  rather  than  as  absolutely  jiroved.  The  original  purfwse  of  the  investigation  ( i.  e.. 
the  ))earing  of  spark  S|)ectra  in  liquids  on  the  theory  of  temjwrary  stars),  and  the  time  at  our  disjKjsal, 
did  not  seem  to  warrant  a  complete  study  of  all  the  phenomena  encountered. 

1.  Change  in  length  of  water-gap  (Plate  151).  A  0.2  mm.  gap  gives  a  spectrum  marked  by 
.strong  al>sor|)tion.  while  a  1.0  mm.  gap  gives  one  of  medium  absorption.  (The  use  of  a  very  large 
gap.  r)Ver  !.<•  mm.  for  instance,  will  often  cau.se  all  lines,  both  bright  and  dark,  to  disa|ipear,  aiul  will 
leave  only  a  continuous  8|)ectrum.)     Incrrasc  of  wiilcr-gnp  decreases  the  absorpiion. 

2.  Change  in  length  of  air-ga|)  (Plate  265).  There  is  a  marked  change  from  moilerate  to 
strong  absorption  in  passing  over  the  range,  1.  10,  20  mm.  Furn-dsc  of  iiir-ijoii  incrcdsrs  ihr 
(iti>>iirfiiiou. 

!.  Inst-rtion.  or  change  in  length,  of  second  water-gap  (in  series  with  first  water-gap;  Plate 
^31;.  A  Kinnll  change  towanl  less  absorption  ajijiears  when  the  second  gap  is  enlarged  from  0.1  to 
i).H  mui. — this  where  tap  water  is  used  in  the  second  lank  and  the  discharge  is  Inminons.  For  the 
effect  when  other  liquids  are  used,  see  pp.  43,  44,  45.  The  iniroihirium,  or  increase  iu  the  U'luith,  of 
fi  Hrrtiwl  iriilrr-f/ii])  (Ifcrrtiin'H  ihv  tihsorption. 

4.  (Jhang<-  in  length  of  stvond  air-gap  (Plati-s  370,  3H5,  3'.)3).  ( n )  When  the  first  air-gap  is 
Hmall — e.  g.,  5  mm.  an  increase  in  the  second  from  (I  to  24  mm.  produces  a  larg«'  increase  in  al>sorp- 
tion;  but  {h)  when  the  first  is  large  —  e.  g..  !'•  inin.      a  moderate  increase — e.  g.,  from  (•  tn  •>  nun. — 

I'ln  all  tliit  lahlra  tb^  «rftVf*-l**nffthii  ftutl  toU*ct»tlli*a  of  tbff  hiins  nrn  takrn  fnim  Einpraiid  llnftclink'n  tnblp  uf  Ibr  Bikark  i>|>rct  rum  iif  IruD. 
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in  the  second  produces  but  a  small  (■hango.  A  train  of  nine  equal  gaps  (formed  by  pieces  of  galva- 
nized iron  wire,  2.3  mm.  in  diameter,  bent  and  fastened  to  a  board),  giving  a  total  gap  of  14  mm. 
increases  the  absorption  somewhat;  and  a  train  of  nine,  of  a  total  of  ;itJ  mm.,  in  (-(jmbination  with  a 
capacity  of  0.03  microfarads,  a  water-gap  of  0.1  nmi.,  an  air-gap  of  10  mm.,  and  no  resistance  in  the 
transformer  circuit,  produced  the  highest  absorption  obtained  by  us  on  any  water-spark  iiiate.  Very 
few  (only  nine)  bright  lines  are  shown,  and  the  absor|)tion  extends  far  toward  the  red;  A.4891.02  is 
absent;  X4020.()3  and  X402-4.UO  are  bright  lines;  and  X4057.8O  is  reversed.  On  all  our  other  water 
plates  this  last  line  has  appeared  bright,  alth(jugli  often  much  shattered  and  broadened.  In  general, 
then,  an  iucrcdsc  of  the.  second  air-gap,  or  an  liitvodHclian  of  minii/  (/aps  of  iiioderale  leiu/fli.  increaxes 
the  absorjjt ion. 

5.  Change  in  diameter  of  water-gap  terminals.  In  tlie  preliminary  qualitative  investigation 
no  plates  were  taken  with  the  distinct  object  of  showing  the  effect  of  change  in  this  constant.  Such 
were  taken  somewhat  later  with  the  large  grating,  and  it  was  found  that  an  increase  in  the  ilianieter 
of  the  icater-ijap  terminals  increases  the  absorption. 

6.  Change  in  diameter  of  air-gap  terminals  (Plates  824,  825).  The  terminals  used  were 
rounded  so  that  surfaces  which  were  approximately  spherical  and  of  diameters  4  mm.  (in  Plate- 824) 
and  1.5  mm.  (in  Plate  825)  were  presented  to  each  other.  The  resultant  difference  is  small,  but 
unmistakable.  With  flat  ends  no  difference  is  apparent.  This  may  be  becau.se  the  discharge  in  both 
cases  passes  between  edges.      Increase  of  diameter  of  air-spark  terminals  increases  the  absorption. 

I.  Change  of  capacity  (Plates  286,  289).  Many  sets  of  plates  were  taken  at  different  times, 
and  under  various  conditions.  The  effect  is  evident,  but  usually  small,  owing  perhaps  to  tlie  limited 
range  of  capacity  at  our  disposal  (0.003  to  0.07  microfarads).  Increase  of  capacity  increases  the 
absorption. 

8.  Change  in  temperature  of  the  liquid  (two  sets  of  plates,  799  to  801  and  800  to  808).  In 
the  first  set  no  particular  care  was  taken  to  have  the  kind  of  water  used  in  the  three  cases  precisely 
the  same.  In  the  second  set  water  was  cooled  by  immersing  ice  in  it;  small  pieces  were  left  in  the 
spark  tank  during  exposure;  and  then  the  same  water  was  filtered  through  cotton  and  heated  to 
higher  temperatures.  The  liquid  used  was  thus  practically  the  same  thi'oughout  the  set.  The 
temperatures  employed  in  this  second  case  were  174°,  72°,  and  45°  F.  Both  sets  agree  in  giving  a 
small  increase  of  absorption  with  decreasing  temperature. 

9.  Change  of  self-induction  in  the  discharge  circuit  (Plates  G44,  646).  The  spark  under 
water  is  in  all  cases  extremely  sensitive  to  self-induction.  Even  two  or  three  turns  of  the  self-induc- 
tion coil  previously  described  will,  under  certain  conditions,  produce  a  change  in  the  absorption,  and 
the  whole  coil  of  143  turns  changes  a  high-absorption  spectrum  almost  completely  to  a  bright-line 
spectrum  (in  the  violet  and  ultra-violet).  Increase  of  self-induction  in  the  discharge  circuit  decreases 
the  absorjjtion. 

10.  Change  of  ohmic  resistance  in  the  discharge  circuit  (Plates  283,  284).  The  insertion, 
non-inductively,  of  57  feet  of  No.  23  B.  &  S.  copper  wire  produced  a  spectrum  marked  by  less 
absorption  than  that  obtained  without  such  ohmic  resistance.  Insertion  of  non-inductive  resistance 
decreases  the  absorption. 

II.  Change  of  resistance  in  field  circuit  of  alternator  (Plates  464,  466).  By  moving  the  arm 
of  the  field  rheostat  it  was  apparent  that  there  was  a  point  at  which  the  spark  was  both  more  brilliant 
and  more  disruptive.  At  this  point  the  circuit  acted  as  though  it  were  in  resonance.  Two  exposures 
were  made  on  each  of  the  two  plates,  on  464  at  resistances  0  and  39  ohms — "resonance"  at  39;  and  on 
466  at  34.5  and  56.5  ohms — "resonance"  in  this  case  being  at  the  point  of  -less  resistance,  namely, 
34.5  ohms.  In  both  cases  distinctly  greater  absorption  is  shown  at  "resonance,"  and  the  watt  meter 
there  registers  greater  energy.  Therefore  the  absorption  is  increased  by  an  approach  to  a  condition 
of  ^' resonance,''^  whether  this  process  involves  an  increase  or  decrease  in  field  circuit  resistance. 
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12.  Change  of  resistance  in  primary  circuit  of  transformer  (Plate  262).  .1  (Icrn-dnc  of 
resistfiiicr  in  the  jirtiiKiri/  circiiil  of  the  IraiDtfurnu-r  producer  iiwreaxrd  olisorjilioii. 

18.  Chnnjje  of  transformer  ( Plate  828).  On  the  plate  cited  the  A[)ps  induction  coil  spectrum 
is  marked  by  more  absorption  than  that  given  by  the  Lakon  transformer  connected  for  15,000  volts. 
It  cannot  Ik-  definitely  stated  that  this  will  always  be  the  case.  I'lidt-r  the  conditions  used  in 
obtaining  Plate  >S2"5  the  induction  coil  producetl  a  more  regular,  brilliant,  and  disruptive  spark. 

In  the  first  published  note  regarding  the  results  obtained  with  the  spark  in  liquids  it  was 
stated  that  a  bright  line  S|H'ctruni,  with  no  reversals,  was  obtained  with  the  iron  sj)ark  in  water  when 
the  Apjis  coil  was  used.  This  was  indeed  the  case.  But  the  constants  of  the  circuit,  Plate  227,  were 
such  as  would  have  pro[>erly  produced  an  emission  spectrum  even  if  the  Lakon  transformer  had  been 
used.  The  diameter  of  the  water-gap  terminals  was  small  (1  mm.),  the  capacity  was  0.000  micro- 
farads, the  water  level  was  2(5  mm.,  the  fan  was  not  running,  and  the  water-spark  was  short;  the  air- 
spark  was  rather  long,  but  its  terminals  were  small,  and  the  spark  was  weak. 

From  paragraphs  11,  12,  and  13  it  may  be  seen  that  the  phenomenon  under  discussion  is 
proljably  not  merely  a  function  of  the  electric  constants  of  the  circuit  on  the  discharge  side  of.  the 
condenser  (the  ilegree  of  absorption  being  determined  only  by  these  and  the  capacity^,  but  de|)ends 
also  u[K>n  the  transformer  used  and  the  current  tlowing  in  the  external  and  field  circuits  of  the 
alternator.  It  may  be  that  other  electrical  constants  of  the  circuit,  as  yet  unknown,  also  have  an 
influence  upon  the  character  of  the  spectrum  obtained. 

14.  After  several  sets  of  experiments  dealing  with  the  problems  just  presented  had  been  made, 
it  apppeared  desirable  to  rej)eat  the  original  water-pressure  series,  using  the  improved  a[»paratus,  the 
brass  tank  previously  descriiied.  We  were  surprised  to  find  that  the  water-pressure  effect  could 
generally  Ir-  obtained  to  only  a  small  degree,  and  under  some  conditions  did  not  appear  to  exist  at  all. 
It  was  only  after  many  attempts,  made  at  different  times  throughout  the  investigation,  that  the 
conditions  which  are  conducive  to  a  distinct  change  were  discovered. 

We  can  make  no  very  positive  statements  regarding  the  water-[)ressure  effect,  but  it  will 
probably  apjM'ar  whenever  the  constants  of  the  circuit  are  such  that  (1)  at  low  water  pressure 
the  air-spark  burns  rather  quietly  (but  with  sufficient  disruption,  of  course,  to  cause  a  luminous 
discharge  across  the  water  gap),  and  is  characterized  l)y  a  red  or  pink  color;  and  (2|  at  high 
|)res8ure  the  reaction  of  the  water-spark  will  be  such  that  the  air-spark  burns  very  disruptively 
and  jKjssesses  a  violet  color.  In  obtaining  such  a  state  of  the  circuit,  the  following  considerations 
are  of  value: 

1.  The  water-gap  .should  be  short,  from  0.1  to  U.3  mm.  The  diameter  of  the  wafer-gap 
terminals  ordinarily  used  was  2.3  mm.  (no  study  of  the  bearing  of  a  change  of  this  constant  upon  the 
pressure  effei-t  was  unide). 

2.  The  air-gap  should  lie  short,  0.5  to  1.0  mm.;  and  tlie  <liameter  of  the  terniinais  siniill,  e.  g., 
0.8  mm. 

3.  A  certain  suutll  amount  of  self-induction  in  the  discharge  circuit  (e.  g..  2  turns  of  the  coil) 
is  favorable,  but  not  essential.     Similarly,  a  small  auKJUnt  of  ohmic  resistance  is  advantageous. 

4.  The  capacity  must  be  large  enough  (e.  g.,  O.ttOo  to  O.OOT  microfarads)  to  eanse  sufhcient 
disruption  over  the  air-gap  to  produce  a  luminous  discharge  in  water. 

In  this  connection  it  may  be  staled  that  tiie  use  of  the  fan  u|)on  llie  air-ga[)  is  not  prohibitive 
of  the  effect. 

5.  The  conditions  of  the  air  of  the  r«j<im  |Mjssibly  have  an  effect.  In  a  cool,  dry  atmosphere 
the  air-K|Mirk  seems  to  i>urn  quite  disruptively;  in  a  warm,  moist''atmosphere,  (juietly;  and,  although 
all  the  el«H;trical  conslantH  of  the  cin-uil  nniy  Iw  identical  and  the  water-level  be  the  same,  the  s|H'clra 
may  differ  considerably.  The  dry  air  tends  to  produce  an  ab.s4)r|>tion  8|>ectrum:  tin-  moist  air.  a 
B{>ectruui  niarke<l  by  more  bright  lines. 
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The  conditions  under  which  thr  original  set  of  plates  were  taken  chanced  to  be  quite  similar  to 
those  f^iven  above.  Tt  is  rather  o(hl  that  tliis  water-pressure  etfect  which,  of  all  the  phenoiiieiin  inves- 
tigated, proved  the  most  dillicult  to  reproduce,  should  have;  been  encountered  first. 

The  above  data  suggest  that  a»  increase  of  water  pressure  produces  increased  absorption  in  th(! 
spectrum  primarily  by  altering  the  electrical  conditions  of  the  circuit,  rather  than  by  changing  the 
physical  condition  of  the  water-spark,  by  creating  a  greater  amount  of  absorbing  va|)or,  or  massing  it 
more  closely  around  the  spark.  To  settle  this  question,  the  following  experiment  was  performed. 
Two  tanks,  the  brass  and  the  wooden,  were  placed  in  series,  and  the  circuit  arranged  for  as  low  absorp- 
tion as  possible  consistent  with  good  running.  The  conditions  were  as  given  in  Table  II,  Plates  796-98 
and  8U'J-18.     A  complete  set  of  plates  is  schematically  as  follows: 

PLATE  A,  EXPOSED  TO  SPARK  IN  BRASS  TANK 

Exposm-e  No.  1:     Level  of  water  in  brass  tank  15  mm.:    in  wooden  tank  15  nmi. 
Exposure  No.  2:     Level  of  water  in  brass  tank  (5  ni.;   in  wooden  tank  15  mm. 

PLATE    B,    EXPOSED    TO    SPARK    IN    WOODEN    TANK 

Exposure  No.  1:     Level  in  brass  tank  15  mm.;   in  wooden  tank  15  mm. 
Exposure  No.  2:     Level  in  brass  tank  6  m.;   in  wooden  tank  15  mm. 

In  both  A  and  B  greater  absorption  is  shown  when  the  spark  in  the  brass  tank  is  subjected  to 
the  pressure  of  <3  m.  of  water.  The  experiment  was  repeated  several  times  under  slightly  different 
conditions.  In  all  the  spectra  taken  from  the  oak  tank  spark  there  appears  a  difference  in  the  direc- 
tion :  greater  pressure  more  absorption ;  while  the  difference  in  the  brass  tank  spectrum  is  not  always 
noticeable,  but,  when  apparent,  it  is  in  the  same  direction.  The  experiment  is  difficult  to  perform 
because  of  the  many  and  delicate  adjustments  to  be  made. 

This  seems  to  indicate  that  the  effect,  if  genuine,  is  electrical,  for  increased  pressure  in  the  brass 
tank  produces  increased  absorption  in  the  wooden  tank. 

RrsiiUs  with  electrodes  of  mefals  other  than  iron. — To  discover  whether  or  not  this  progressive 
absorption,  following  suitable  changes  of  electrical  conditions,  was  a  general  phenomenon  and  not  one 
peculiar  to  iron  alone,  a  series  of  plates  was  taken  with  other  metals :  for  every  metal  one  or  more 
plates  containing  in  most  cases  two  exposures,  one  given  under  low  absorption  conditions  and  another 
under  high. 

Manganese,  antimony,  bismuth,  tin,  gold,  calcium,  silver,  nickel,  cobalt,  and  titanium  follow  the 
rule  given  for  iron,  and  their  spectra  present  no  marked  peculiarities. 

Aluminium,  besides  following  the  general  rule,  presents  the  interesting  phenomenon  of  double 
reversal.  Three  exposures,  under  conditions  such  that  a  progressive  change  of  absorption  should 
appear,  were  made  upon  one  plate  (No.  445).  In  all  three  spectra  the  two  chief  aluminium  lines, 
X.  3944  and  X  3962,  appear  as  broad  absorption  lines.  In  the  lowest  absorption  spectrum  these  two  lines 
have  at  their  extremities  faint  but  fine  bright  lines.  In  the  medium  absorption  spectrum  these  bright 
lines  are  very  intense,  and  extend  over  the  whole  length  of  the  absorption  line;  in  the  spectrum  taken 
under  the  highest  absorption  conditions,  they  are  absent  entirely.  Similar  dark  and  bright  lines 
are  present  in  the  iron  spectrum,  but  the  problem  of  their  behavior  has  not  been  studied  fully  enough 
to  warrant  any  statement  concerning  them. 

Lead  (X4058)  and  cadmium  (\3611)  show  changes  which,  as  far  as  investigated,  are  similar 
to  those  of  iron. 

Magnesium  shows  the  flutings  betweeen  \olOO  and  X5200  (Plate  352),  and  it  is  in  them  that 
the  progressive  absorption  is  most  clearly  apparent.  Under  high  absorption  conditions  they  appear 
composed  of  clearly  marked  dark  lines.  On  the  other  hand,  XX  3830,  3832,  and  3838  remain  very 
sharp  bright  lines  throughout  the  series  of  exposures. 
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MesuUs  iril/i  li(iiii<ls  (itlicy  IIkiii  irater. — 

1.  At  the  bfgiiiiiiii<^  of  this  investigation  the  question  was  raised  whether  or  not  the  character 
of  the  iron  spectrum  might  depend  upon  the  nature  of  the  liquid  in  which  the  discharge  took  place. 
Moreover,  it  appeared  probable  that  the  electrical  conductivity  might  enter  as  a  determining  factor. 
Naturally,  thei-efore,  non-conducting  liquids,  .salts  of  ditfererit  conductivities,  and  various  concentra- 
tions of  the  same  salt  were  tried. 

2.  Three  sets  of  plates  were  taken,  tlie  members  of  each  set  being  comparable  among  themselves. 
The  results  may  be  summarized  in  tlie  following  tafiles,  in  which  the  conductivity  is  calculated  (by 
reference  to  Landolt  and  BOrnstein's  tables'^)  from  either  the  known  concentration  or  the  measured 
resistance.'*  The  liquids  are  arranged  in  groups  in  order  of  decreasing  absorption — e.  g.,  in  Table  III, 
group  "a,"  shows  the  greatest  absorption,  and  group  "d/'  the  least.  The  groups  of  the  three  tables 
are  not  related. 


i 


TABLE  III* 
Constants:  0=0.3;  gr  =  19;  D=2.3;  d-i;  c=0.006;  h=26 


Liquid 

Concentration 

Conductivity 

Group 

Gasoline 

6.8^ 
1.2 

0 

0 

0 
3,300.x  10-9 
3,300.x  10-9 
10      XlO-9 

1 

Glycerine 

a, 

Benzine 

\ 

NaOH 

b, 

KOH 

Ci 

d, 

Distilled  water 

*The  abbreviations  at  the  bead  of  each  table  have  the  following  significance: 
G  stands  for  length  of   primary   gap  in  millimeters. 


9 
D 

d 


*"       *'  secondary    '*     "  " 

diameter  of    primary    terminals  in  millimeters. 

"  "  secondary  "  "  " 

capacity  in  microfarads. 
distance  from  terminals  to  surface  of  liquid  in  millimeters. 


TABLE  IV 
Constants:  G=0.2;  g'=10;  D-I.Z;  d=4;  c=0.006;  7i=26 


Liquid 


Methyl  alcohol . 

Kerosene 

BaCl 

NaCl 

NH4OH 

NH4OH 

NH4OH 

Tap   water 


Concentration 

Cjoductivity 

0 

0 

1% 

11,900.x  10- 9 

1 

1,380.x  10-9 

3 

900x10-9 

25 

lXlO-9" 

50 

? 

9 

Group 


ao 
b, 
c- 
d. 

h 

h. 


*  Extrapolated  from  data  giveo  by  Landolt  and  Bometein. 

TABLE  V 
(For  constants  of  the  circuit  see  below,  paragraph  5) 


Liquid 

Concentration 

Conductivity 

Group 

NaCI 

8^ 

4 

1 

9300x10-9 

5270x10-9 

1360x10-9 

186x10-9 

as 
bi 

NaCl 

NaCl 

C3 

da 

NaCl .' 

1 1  In  Landolt  and  BOrnstein's  tables  the  conductivity  of  a  column  of  mercury  of  specific  dimensions  is  taken  as  unity. 
'•  Determined  by  Kohlrausch's  alternating  current  method. 
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8.  At  tliis  point  it  may  be  well  to  note  that  our  first  plates  taken  witli  glycerine  showed  a 
l)riglit-liiu'  siH'ctruui  dovoiil  of  nil  absorption  lines,  whereas  other  non-conductiu'j  liquiils,  such  as 
gasoline  and  lH*uziue.  produced  a  s|)ectrum  marked  l)y  higli  nhsorplion.  It  had  heen  noticed,  however, 
that  with  this  viscous  liquid  the  bubbles  of  gas  formed  by  the  discharge  were  both  large  and  slow 
in  rising  from  the  terminals:  and  it  seemed  probable  that  after  the  tirst  spark  the  discharge  took 
place  in  the  gas.  This  would  ex|)lnin  the  l)right-line  spectrum.  To  avoid  this  ditiiculty,  the  switch 
in  the  primary  circuit  of  the  transformer  was  closed  for  as  short  a  time  as  jxjssible,  and  the  bubbles 
allowed  to  rise  out  of  the  way  between  each  set  of  sparks.  The  result  was  a  spectrum  marked  by  as 
high  absorption  as  those  given  by  gasoline  or  benzine. 

From  the  data  given  in  these  three  tables  (^III,  IN',  and  \  ).  it  is  clear  that  the  electrical 
conductivity  is  not  the  sole  determining  factor.     The  character  of  the  liquid  has  an  influence. 

4.  To  study  the  electrical  effect  u[)on  the  circuit  and  differentiate  it  from  any  other  jKJSsible 
effect,  the  acces.sory  tank,  which  we  shall  call  T^  (that  used  in  connection  with  the  iiydrostntic  pres- 
sure effect  in  the  case  of  pure  water;  see  p.  38.),  was  joined  in  series  with  the  original  tank,  T„,  and 
the  air-gap.  Various  liquids  were  placed  in  T„  and  their  effect  upon  the  spectrum  given  by  the 
ordinary  arrangement  (iron  terminals  and  tap  water)  in  T„  was  studied. 

Here  a  distinction  must  be  made  between  two  sets  of  phenomena  in  T,.  In  the  tirst  the 
discharge  [>asses  disruptively,  and  a  spark  results;  while  in  the  second  the  current  is  conducted 
without  disruption  and  no  sparks  appear. 

5.  Fiisl.  a  disruptive  discharge  in  T",.     The  order  is: 

1  per  cent.  N'aCl  solution,  showing  sreatest  absorption  in  To 
0.')  per  cent.  NaCl  solution,  showing''  less  absorptiou  in  T„ 
Tap  water,  showing  least  absorption  in  Tu 

The  constants  of  the  circuit  here  were  G^O.2;  (?'=0.2;  (/=14;  c^O.012,  where  G'  stands  for 
the  length  (in  mm.)  of  the  spark-gap  in  the  accessory  tank.  Moreover,  an  increase  of  the  gap  in  this 
acces.sory  tank  tends  to  pnxluce  a  bright  line  spectrum  in  T„.  But  when  glycerine,  gasoline,  or  "  18  to  1 '' 
transformer  oil"  are  used  in  T„an  increase  in  G'  increases  the  absorption  in  T„;  and  even  when  G'  is 
small,  the  absorption  is  a  little  greater  than  when  no  accessory  tank  is  introduced  into  the  circuit.  In 
this  resjx'ct  the  introduction  of  this  accessory  tank  resembles  in  its  effect  that  of  a  second  air-gap 
(the  influence  of  which  has  been  discussed  on  p.  38). 

Again,  spcotvl,  a  non-disruptive  discharge  in  T, : 

A  4  \tor  cent,  solution  of  NaCl  gave  a  sf)ectrum  marked  by  far  greater  absorption  than  did  tap 
water.     The  constants  of  the  circuit  were:   6'=0.2;  6"  =10;  (/  =  l'.l;  c  =  0.00t). 

.Moreover  a  10  [)er  cent,  solution  of  NaCl  j)roduced  a  spectrum  which  showed  much  less  absorp- 
tion than  that  given  where  a  thick  wire  replaced  the  tank  7',.  Tiie  constants  of  the  circuit  were: 
r;=0.2;  G'^-22.-};  y  =  l^;  c=O.UUG. 

The  order  is: 

a)  Thick  win-  (no  acceR.sory  tank),  greatest  absorption  in  Tu 

h)  4  per  cent,  or  10  per  cent.  NaCl  solutions  in  T*,,  les.s  alxsorption  in  7',, 

r)  Tap  water  in  T,,  li-.ist  absorption  in  7',, 

Therefore  the  intro<luetion  of  a  salt  solution  ((jr  ta|i  water)  in  this  manner  gives  results  similar 
to  those  obtained  by  intrixlucing  ohmic  resistance  or  self-induction  in  the  discharge  circuit,  and  the 
longer  the  gap  G',  the  greater  the  tendency  toward  a  bright-line  spectrum. 

The  <-onelusionH  to  Iw  drawn  from  the  (lata  InTe  given  are: 

'/ )  That  the  influence  of  the  liquid  in  the  tank  7',  u|Min  the  spt'ctrum  given  in  '/*„  cannot  In> 
chemical'    it  must  be  electrical. 

>'OI  ^lmc^Ac  linloelivn  rapselly  IS. 
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//)  Tliat  in  (111'  casi"  of  a  conductiiiff  liiiuid  liko  a  NaCl  solution,  whether  the  spark  be  passiiij^ 
or  not,  an  increase  in  the  conducitivity  of  the  liciiiid  in  7^,  [)roduce8  an  increase  in  absoriitinn  in  the 
spectrum  of  '1\.  The  effect  thus  corresponds  with  the  reduction  of  ohtnic  resistance  in  a  metallic 
circuit  (p.  39). 

c)  Tliai  tlie  introduction  (if  a  uon-conductint^  liquid  in  7',  tends  to  increase  the  abscnpliiin  in 
T„,  and  an  increase  of  G'  produces  an  increase  in  absorption  in  T„.  (See  the  effect  of  increasing  an 
auxiliary  air  gap,  p.  89.) 

6.  Again,  to  eliminate  the  electrical  effect,  a  series  of  plates  was  taken  in  the  following  manner: 
Tank  T„  was  filled  with  tap  water  and  T",  with  a  1  per  cent,  salt  solution.  The  constants  were. 
Gr  =  0.2;  G'  =  0.2;  (/  =  10;  c^ 0.006,  which  arrangement  gave  a  spark  in  both  tanks.  Tiie  depth  of 
each  liquid  was  20  mm.  The  spectrum  given  by  tank  T*,,  was  photographed;  then  the  central  mirror 
was  turned,  and  upon  the  same  plate  was  placed  the  spectrum  of  T",.  To  confirm  the  results  this  plate 
was  duplicated.  Then  the  liquids  were  interchanged,  7',  being  filled  with  ta[)  water  and  T„  with  the 
1  per  cent,  salt  solution — this  to  eliminate  the  possibility  of  an  effect  due  to  a  possible  difference  of 
some  nature  in  the  tanks.  Exposures  of  both  sparks  were  made  as  in  the  first  series,  and  in  this  case 
three  identical  plates  were  taken.  In  all  five  plates  the  NaCl  solution  gives  the  spectrum  marked  by 
the  greatest  absorption.  From  this  we  must  conclude  that  the  influence  of  the  salt  solution  must  enter 
in  determining  the  absorption  in  at  least  one  other  way  than  that  of  changing  the  electrical  con- 
stants of  the  circiiit,  for  the  two  exposures  on  any  one  plate  were  taken  under  the  same  electrical 
conditions.  We  are  forced  to  believe  that  there  is  a  chemical  effect,  created  by  the  salt  solution 
upon  the  iron. 

7.  Again,  to  separate  the  effect  of  quantity  of  salt  or  concentration  from  that  of  conductivity, 
it  was  desirable  to  obtain  a  liquid  which  has  the  same  conductivity  at  two  different  concentrations. 
Zinc  chloride  fulfilled  this  requirement.  Its  conductivity-concentration  curve  reaches  a  maximum  at 
approximately  30  per  cent.,  and  the  conductivities  of  a  i  per  cent,  and  58  percent,  solution  are  almost 
identical.  The  more  concentrated  solutions  were  somewhat  viscous  and  presented  the  same  difficulty 
as  glycerine.      But  the  single-spark  method  of  exposure  removed  the  difficulty. 

Starting  with  a  58  per  cent,  solution  two  series  of  plates  were  taken,  each  series  representing 
spectra  given  at  four  points  on  the  curve.  Each  exposure  was  made  in  duplicate.  Both  sets  gave  the 
same  results,  and  exposures  made  under  similar  conditions  agreed  satisfactorily.  The  results  may 
best  be  shown  by  the  study  of  a  set  of  nine  lines  which  are  most  susceptible  of  change  under  the 
conditions  employed. 

The  constants  were:  (r:=0.3  for  series  No.  1  and  0.4  for  series  No.  2;  r/  =  19;  D^l;  (/  =  4; 
c  =  0.012.      The  accompanying  table  (VI)  explains  itself. 

After  dilution  at  point  No.  2  on  the  curve  (see  Fig.  1),  the  solution  gradually  cloiided  with  a  white 
precipitate,  and  the  concentration  changed,  passing  around  the  curve.  After  a  short  time  the  solution 
was  filtered,  and  exposure  made  at  point  No.  3.  The  concentration  was  calculated  from  the  measured 
resistance  by  use  of  Landolt  and  Bornstein's  tables,  and  also  (until  precipitation)  from  the  known 
dilution. 

The  natural  conclusion  is  that  the  amount  of  the  salt  present  has  a  marked  influence  apart  from 
the  conductivity.  In  fact,  from  the  different  rates  of  change — slow  between  points  No.  1  and  No.  2, 
and  rapid  between  No.  2  and  No.  3,  and  between  No.  3  and  No.  4 — and  by  reference  to  the  conclusions 
drawn  in  paragraph  5,  the  following  deductions  are  rendered  probable: 

rt)  That  an  increase  in  the  quantity  of  the  salt  present  tends  to  increase  the  absorption  chemi- 
cally; and 

h)  That  an  increase  in  the  conductivity  of  the  solution  tends  to  increase  the  absorption  electri- 
cally. These  two  tendencies  are  in  opposition  on  the  first  third  of  the  curve,  the  second  is  approxi- 
mately eliminated  in  the  second  part,  and  they  act  together  in  the  third. 
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TABLE  VI 
Zinc  Chloride  Solution:  Absorption  as  a  FiNtTioN  of  Conductivity  and 

C0NCFJ*'TRATION 


Puint  OD 
Curve 


Sn.  nf  Linos  I 
(ton  Lines 


No.  of  Lines 

.\piJ«»arinjr  «s  '   No.  of  Linos 
Ati*orptioH     \  Appearing;  as 
1     Liuf$  with     I  Bright  Lint:* 
Bright  Edge* 


Ri'sistancc* 

uf  Solulioii 

io  Ohms 


Conduct  ivitit 
X10» 


Perconloife 

Concoutratiou 

of  Solution 


FIRST  series:   liquid  gap  =  0.3  MM. 


1 

5t 

3: 

1 

8.30 

4a32 

58 

0 

0 

8 

1 

4.:.5 

7400 

45 

3 

0 

5 

4 

4.G5 

7200 

12 

4 

0 

3 

6 

8.30 

403-2 

4 

SECOND  series:  liquid  gap  =0.4  MM. 


I 

OJ 

8: 

I 

8.30 

4032 

58 

2 

0 

8 

1 

4  55. 

7400 

45 

3 

0 

5 

4 

4.65 

7200 

12 

4 

0 

3 

6 

8.30 

4032 

i 

*MeaBure<l  by  Kohlrausch's  mothod. 

\\&  ffivt-D  by  Laodult  and  norustfin.    Standard  cbusen  18  mercury. 

X\t  will  be  noticcil  tbat  the  li'ngtli  of  liquid  gap  was  0.4  iiini.  iu  the  srcond  Tories  and  0.3  in  tbo 
fint.  TbiB  perhaps  explains  tlio  presence  (if  live  full  absorption  lines  and  three  absorption  lines  with 
bright  edges  in  the  fin^t  set,  while  no  full  absorption  lines,  but  eight  with  bright  edges,  appear  in  the 
second.  .\t  highest  concentration  the  length  of  gap  appears  lu  be  particuliirly  influential  in  prttduciiig 
a  change  in  absorption. 

8.  The  gt^iieral  conclusions  which  seem  to  follow  from  the  data  given  iu  the  seven  preceding 
paragraphs  are  as  follows: 

«)  That  non-conducting  liquids  (like  an  auxiliary  air  gap)  increase  the  absorption  of  the 
spectrum  given  by  the  terminals  immersed  in  them  principally,  if  not  entirely,  by  reason  of  their 
influence  ujKjn  the  conditions  of  the  electric  circuit. 

b)  That  conducting  liquids  increase  the  absorption  somewhat  by  means  of  their  electrical 
influence,  but  mainly  by  the  chemical  action  upon  the  terminals.  This  conclusion  is  in  hannmiy  with 
the  results  of  Bredig  and  Haber,  who  have  ftjuiul  that  in  liigli  potential  cleptrolysis,  and  with  metal 
arcs  and  sparks  under  water,  the  presence  of  alkali  causes  more  rapid  pulverization  of  the  electrodes," 

To  illustrate  the  changes  in  the  spark  between  iron  electrodes  in  water  under  different  electrical 
conditions,  and  in  sodium  chloride  solutions  of  different  concentrations,  enlargements  of  plates  obtained 
at  low  dis|M*rsion  were  made  and  arranged  in  order  of  increasing  absorption.  Plate  XVII''  represents  the 
result.  All  the  changes  aiiparent  relate  to  the  iron  lines  of  the  s[iark.  and  not  to  lines  due  to  substances 
present  in  the  particular  liquid  employed.  It  should  be  stated  that  as  subsequent  experiments  never 
8howe<l  such  marked  increase  of  abs<jrption  as  thes*"  salt  solutions  seemed  to  produce,  other  causes, 
unknown  to  us,  may  have  enhanced  the  effect  iu  these  photograjihs. 

No  great  weight  can  Ije  ascribed  to  the  conclusions  of  this  section  of  our  paper.  The  iin|Kir- 
tance  of  this  work  did  not  seem  sufficient  to  warrant  the  exj)enditure  of  the  tiuif  required  to  clear  up 
all  doubtful  (Kjints. 

gUALITATIVE    ISVESTICiATION    Wiril    lllilll    UISl'ERSIOS 

The  prece<ling  results  were  obtained  with  s|H'ctrosco|)e8  of  low  disiM-rsion.  capable  of  showing 
the  general  character  of  tin-  alisorptiou  phenomena  in  a  satisfactory  manner,  but  iu)t  adapted  for  a 
precise  study  of  the  shifts  of  the  lim-s  under  ditferent  conditions,  or  of  the  details  of  the  al)st>rption 
plienomeiiH,     This  work  was  accordingly  undertaken  with  the  concave  grating  8pectro8co|R'  descriU-d 

t*ClumUclu  tttrlchU,  Vol.  XXXI  (laW),  p.  2'll  :  ZriltcHrt/l  far  ananrnnillr  CHrmir.  IVtt  p.  Ml :  Zriltrhri/t  fUr  Slrklntchemir,  Vol.  IV, 
pp.  (14.  Ml. 

•<  I'rsTtuiuly  publlibad  In  tlie  AtlroiiltyUal  J-mmal.  Vol.  XV,  Nu.  2,  (Uarcb,  IVUi.) 
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on  page  30.  A  15  cm.  grating  of  a.r>  m.  radius  was  employed  for  various  special  studies,  but  the 
greater  jmrt  of  the  work  was  done  in  the  first-order  spectrum  witli  a  10  cm.  grating  of  3  ni.  radius. 
Suitable  slmtters  nmde  possible  the  method  of  double  exposure  of  the  comparison  spectrum.  Gener- 
ally a  spark  in  air  was  exposed  first  and  placed  upon  the  outer  portions  of  tiie  photographic  plate;  then 
the  spectrum  of  the  spark  in  the  liquid  was  thrown  upon  the  center  of  the  plate;  and  finally,  in  the 
third  exposure,  a  spark  in  air  was  su[)er})osed  upon  the  first." 


Fig.  1 


Percentage 
Concentration 

Conductivity 

(compared  with 

Mercury) 

0.64 

780x10-9 

5.00 

4520 

6.35 

5178 

10.00 

6800 

20.00 

8530 

30.00 

8660 

40.00 

7900 

50.00 

5890 

60.00 

3450 

IS  In  all  cases  the  constants  of  the  electrical  circuit  used  to  give  the  comparison  spectrum  were  as  follows: 

Length  of  spark,  4  mm. ;  size  of  Bessemer  steel  terminals,  2X3  mm. ;  no  Beld  resistance  (other  than  that  in  the  field  coils  themselves)  • 
field  current,  about  1.3  amperes;  transformer  resistance,  4  ohms  when  the  General  Electric  transformer  was  used,  and  3  ohms  with  the  Lakon 
transformer;  power,  90  watts ;  current,  23  amperes;  potential  at  primary  terminals  of  transformer,  3  volts ;  and  capacity,  0.014  microfarads 
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In  discussing  the  results  obtained  on  the  high  dispersion  plates,  we  may  consider  tlieui  in  the 
following  order: 

A.  Details  of  absorption  |)henouiena  and  types  of  lines  represented  on  the  plates. 

B.  Absori)tion  phenomena  protluced  l)y  changing  the  constants  of  the  circuit. 

C.  Shifts  of  the  lines  produced  by  changing  the  constants  of  the  circuit. 

D.  Shifts  of  the  lines  in  a  solution  of  sodium  chloride. 

E.  SiH'ctrum  of  the  rotating  arc  in  liquiils. 

A.  Types  (if  liiu's. — Reference  has  aln-ady  been  made  to  tiie  variniis  types  <if  lines  distin- 
guished by  Wilsiug,  Lockyer,  and  Konen.  On  our  high-dispersion  photogra[>lis  ten  distinct  types 
occur  in  the  B[)ectrum  of  iron  as  follows: 

(1)  Narrow  emission  line. 

(2)  Broad,  fairly  symmetrical,  emission  line. 

(3)  Broad  emission  line,  ditfuse  toward  the  red. 

(4)  Simple  absorption  line. 

(5)  Absorption  line  sufjerposed  fairly  symmetrically  on  broad  emission  line. 

(6)  Absor[)tion  line  superposed  on  broad  emission  line,  which  is  strongest  on  red  side. 

(7)  Similar  to  (6),  but  with  the  violet  component  of  the  emission  line  lacking. 

(8)  Narrow  emission  line,  superjxjsed  symmetrically  on  absorption  line;  a  combination  of 
(1)  and  (4). 

(9)  Absorption  line,  with  narrow  emission  line  through  its  center,  superposed  fairly  symmet- 
rically on  broad  emission  line:  a  combination  of  (1)  and  (5). 

(10)  Absorption  line,  with  narrow  emission  line  through  its  center,  superposed  on  broad 
emission  line,  which  is  strongest  on  red  side:    a  combination  of  ( 1 )  and  {(>). 

These  several  tyix-s  are  illustrated  in  Plate  XVIII.  In  studying  the  shifts  of  the  lines  under 
various  conditions,  it  is  of  imjxjrtance  that  the  corresponding  type  should  be  recorded  in  each  case. 

It  is,  however,  difficult  to  classify  lines  of  types  (5).  (•>),  and  (7).  because  the  difference 
between  (5j  and  (tij,  and  between  ((»)  and  (7)  is  so  slight.  Prolonged  exposure  may  bring  out  a 
violet  component  of  the  line  which  at  normal  exposure  appeared  to  be  of  type  (7).  The  differences 
between  the  three  ty|)es  depend  upon  (o)  the  width  of  the  basal  emission  line,  (h)  the  width  of  the 
aljsorption  lines,  and  (c)  the  relative  |X)sitions  of  the  maxima  of  emission  and  absorption.  From  the 
data  at  hand  it  is  imixissible  to  divide  these  lines  into  three  classes  with  absolute  precision.  The  shifts 
of  the  emission  comixjneuts  of  the  lines  of  types  (5),  (6),  and  (7)  were  measured  only  in  the  case  of 
ty|)e  (7).  With  com|M>un(I  lines,  j)articularly  those  of  tyjK'S  (ti)  and  (7),  as  both  Wilsiug  ami  Lock- 
yer have  [Mjinted  out,  a  setting  on  the  middle  of  the  displaced  bright  line  does  not  give  the  true  dis- 
placement, on  account  of  the  presence  of  the  absor[)tion  line.  Again,  it  is  important  to  ascertain,  in  study- 
ing the  displacement  of  the  bright  lines,  whether  we  are  dealing  with  a  case  of  unsymmetrical  widening 
toward  the  red,  where,  as  Kayser'"  has  so  conclusively  shown,  there  may  be  no  reiil  shift  of  tiie  line,  or 
whetlu^r  there  is  a  true  displacement  of  the  line  as  a  whole. 

It  should  |Mirha(>s  l)e  noted  that  lines  of  tyj^'S  (8),  (li),  and  (10)  cannot  be  explained  on  the 
HHHuniption  of  mere  iloul)le  ex|Kj8ure  of  (he  plate,  pni(lu<-ing  a  su|M'r[>osili(jn  of  tlie  comparison  spec- 
trum of  the  Hj)ark  in  air  u\mu  the  sjK-ctrum  of  the  water-spark.  For  the  negatives  which  show  lines 
of  these  tyi)eH  also  have  ujxjn  them  strong  lines  of  ty|H«8  (5)  and  (0),  in  which  any  chance  suin-r- 
|Kwition  would  be  at  once  betrayed.  We  seem  to  b«'  dealing  here  with  true  double  reversals.  The 
interest  in  these  lines  is  increasetl  by  the  fact,  which  Kayser  has  |>ointed  out.  that  true  cases  of  double 
reversal  are  dithciilt  to  produce  at  will  liy  ordinary  laboral<iry  nieth<Hls.  In  tiie  present  case  there  is 
DO  difficulty  in  obtaining  such  lines  as  often  as  may  be  desireil. 

>'  Hanilburh  ilrr  HimlrateaijU,  Vul.  11.  p.  300. 
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Tliore  sometimos  appear  diffuse  emission  lines  with  rather  prominent  maxima  of  intensity; 
these  maj-  be  regardeti  as  combinations  of  types  [I)  and  (2),  or  uf  fyi>t>s  (1)  and  (3).  Such  lines, 
however,  are  not  very  well  marked,  nor  of  frequent  occurrence. 

B.  Ahsorptioii  i>liciioincn<i  produced  by  chaiigiiiy  the  constants  of  the  circuit. — In  passing  from 
the  bright-line  to  the  dark-line  condition,  the  various  lines  of  the  spectrum  do  not  all  act  in  the  same 
way.  In  general,  when  an  emission  line  ap|)ears  on  successive  plates,  it  is  either  (1)  progressively 
enhanced  to  a  maximum,  and  then  progressively  shattered  and  weakened,  or  (2)  the  line  is  simply 
progressively  shattered  and  weakened  without  noticeable  enhancement.  If  reversal  occur  before 
shattering,  the  resultant  line  will  be  of  tyjies  (5),  (15),  or  (7).  Such  a  line  is  at  first  characterized 
by  weak  absorption  and  strong  emission  components.  With  decreasing  self-induction  in  the  discharge 
circuit  of  the  condenser  the  absorption  line  becomes  much  stronger,  and  the  emission  line  fades  away. 
The  brightening  of  an  emission  line  is  usually  most  prominent  on  thi>  i>late  just  preceding  the  one  on 
which  the  line  shows  a  reversal. 

When,  on  the  other  hand,  a  bright  line  is  shattered  to  complete  obliteration  without  enhance- 
ment, there  ensues  a  balancing  of  emission  and  absorption,  an"d4ater  the  line  appears  as  an  absorption 
line  of  type  (4). 

Certain  lines— for  example,  W  3C)0t).85,  3677.71,  3738.40,  3765.70,  3797.64,  3827.98,  3841.21, 
3893.50,  and  3898.05 — are  notably  enhanced  (relatively  to  other  lines)  in  the  spectrum  of  the  spark 
in  water,  when  considerable  self-induction  is  used  in  the  discharge  circuit.  There  are  undoubtedly  a 
number  of  other  lines  thus  enhanced,  but  these  are  among  the  most  prominent. 

C.  Shifts  of  the  lines  produced  by  changing  the  constants  of  the  circuit. — For  various  reasons, 
chief  among  which  is  the  long  exposure  required  with  the  concave  grating  when  the  spark  is  faint, 
many  of  the  exjMTiments  undertaken  in  the  (jualitative  investigation  were  not  repeated  with  the  high- 
dis|>ersinn  s[X'rtr<>scope.  Thus  nothing  further  was  done  with  regard  to  the  water-pressure  effect, 
(paragraph  14.  p.  4(1 ),  phenomena  obtained  with  two  or  more  water-  or  air-gaps  in  series  (paragraphs 
3  and  4,  p.  38),  the  effect  of  change  in  the  diameter  of  the  air-gap  terminals  (paragraph  6,  p.  39), 
and  change  in  the  temj)erature  of  the  liquid  (paragraph  8,  p.  39). 

There  remain  the  cases  presented  in  paragra|)hs  1,  2,  5,  7,  9,  10,  11,  12,  and  13.  In  nearly 
every  instance  the  results  obtained  with  the  low  dispersion  apparatus  were  confirmed.  When  this  was 
not  the  case,  the  reasons  for  the  difference  in  the  results  are  evident.  The  conditions  under  wliich  the 
different  plates  were  taken  an-  given  in  Tabh-  VII,  and  the  specific  results  of  each  set  in  Tables 
VIII-XII  inclusive 

(1)  Change  in  diameter  of  water-gap  terminals. — The  shifts  of  the  lines  on  Plates  604,  697, 
603.  and  605,  taken  with  water-ga|)  terminals  of  1.0  and  1.6,  2.3,  and  4.0  mm.  in  diameter,  respec- 
tively, are  shown  in  the  fijllowing  table  (  VIII).  For  many  of  the  lines  there  seems  to  be  a  distinct 
and  progressive  change  toward  greater  absorption  and  greater  shift  as  the  diameter  of  the  terminals 
increases. 

Change  in  length  of  icater-gaji.  T\u'  shifts  of  the  lines  as  measured  on  Plates  7ti7.  772;  769, 
77<i;  768,  771  (three  seta  of  duplicate  plates),  are  given  in  Table  IX.  No  certain  progression  is 
shown  in  the  case  of  absorption  lines,  but  there  seems  to  Ik-  a  gradual  shift  toward  the  red  with 
increasing  water-gap  in  the  case  of  n  few  emission  lines. 

Change  in  length  of  air-gap. — Shifts  of  the  lines  on  Plates  702  and  t')S5  are  given  in  Table 
IX.     There  seem  to  \)0  many  caB<'H  of  genuine  shifts  towanl  the  red  with  increasing  air-gap. 

('hange  of  capacity.  -The  shifts  of  the  lines  as  shown  on  Plates  712.  7(>4;  702;  and  672,  are 
given  in  Table  Vlll.  Within  the  range  studied  the  changes  are  small  and  irregular  and  of  no  certain 
menning.  Plates  7<lt  and  712  are  uni(|ue.  With  conditions  similar  to  those  under  which  these  were 
In'i  .  small  capacity  (().(M)3  microfarad),  small  air-gap  ( I  mm.),  moilerate  water- gap (0.3  mm.)  — 

We  ijii..    usually  obtained  B|M'ctra  wliii-h  contained  numerous  lines  of  ly|H'B  (H).  (it),  and  (10).      Lines 
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TABLE  VIII 
Effects  Produced  by  Change  in  Diameter  of  Watek-Gap  Terminals  and  bv  Cuanob  of  Capaoitv 


Chanob  in  Diaheteb  of  Terhinals 


No.  OP  Plate 


Dinmoter  of 

Terminals  in  mm. 

Capacity 

in  Microfarads 


604 


697 


1.6 


605 


Chanoe  of  Capacity 


704 


712 


702 


672 


0.020 


Wave- 
Lengths 


Inten- 
sities 


Shift  toward  red  in  tenth-meters:  positive  unless  otherwise  stated.    Type  of  lino  in  ilatics.    Absorption  lines 

indicated  by  a,"  emission  bye. 


3558.68 
65.54 

87.10 

3606.85 

48.(X) 

51.60 
80.06 
87.55 

3709.40 

22.73 
27.78 
a3.46 
43.51 

58.39 

63.91 

65.70 
67..32 
95.15 
99.70 
3805.48 
15.99 

24.58 
27.98 

34.38 

56.51 


-0.03  a 

-  .02  a 

-  .Ola 
.34  e 
.Ola 

.10  e 

-  .Ola 

-  .Ola 
.34  e 

-  .02  a 
.38  e 
.03  a 
.05  a 

-  .03  a 

-  .04  a 
.29  e 
.00  a 

.02  a 

.18  e 

-  .02  a 

-  .06  o 


.08  e 
.00  a 

.00  a 

-  .Ola 

-  .02  a 

-  .Ola 


0.00  a 
.Ola 

.02  a 

".04  a 


.02  a 
.Ola 


.04  a 


.Ola 
.00  a 
.02  rt 
.Ola 
.35  e 
.04  a 


.19  e 
.04  a 
.04  a 
.Ola 


.03  a    6- 


.04  tt 
.05  a 

.04  a 

.03  n 


-0.01  a 
.Ola 

.05  a 

-  .09  a 

.04  a 


.02  a 
.Ola 

.04  a 


.07  a 
.03  a 
.02  a 
.Ola 


.05  a 

.02  a 

.18  e 
.04  a 
.02  a 
.09  a 
.15  e 
.04  a 

.05  a 
.05  a 

.03  a 

.03  a 


0.05  a 
.05  a 

-  .Ola 

.06  a 


.00  a 
.02  a 


.04  a 


.09  a 
.02  a 
.04  o 
.03  a 


.03  a 

.05  a 

.29  e 
.03  a 
.06  a 
.00  a 
.15  e 
.05  a 

.06  a 
.09  a 

.Ola 

.04  a 


(Faint  a) 
8         

4  0.00  a 
H  .1  7  e 

5        e 

.04  a 

4         .03  a 

(Faint  a) 


4         .05  a 

(Faint  a) 
4  .03  a 

7        

8  —  .02  e 

.04  a 


.13  e 


(Lacking) 


.07  a 


.07  a 


(Faint  a) 

8       0.02  e 

.02  a 

(Faint  a) 

:i         .17e 

>i         .04  e 

.02  a 

4         .02  a 

(Faint  a) 


4         .07  a 

(Faint  «) 


4    - 

4    - 

4    - 


4 

7  - 

8  - 


.Ola 
.03  u 
.32  e 
.01  e 
.05  a 
.01  e 
.00  a 
.15  e 
.06  a 


S 
6 

5 

7  Very  faint 


.01  e 

.03  a 

.08  a 


.03  e 

.07  a 


0.01  o 

.Ola 

.08  a 

.17e 

.05  a 

.Ola 

.00  a 

.33  e 

.Ola 

.32  e 

.Ola 

.00  « 

.02  a 

.02  a 

.31  e 

.00  a 

.02  a 

.14  e 

.03  a 

.04  a 

.Ola 

.03  a 

.03  a 

.48  e 

.00  a 

.Ola 

O.Ola 

-  .02  a 

-  .Ola 
.00  a 
.32  e 
.00  a 

.03  a 
.00  a 

-  .Ola 

.00  a 
.Ola 
.02  a 
.00  a 

.00  a 

.Ola 

.15  e 

.00  a 
.00  a 

-  .02  a 

.02  a 

.03  a 

.04  a 

.00  a 
.03  a 


of  this  type  require  further  study,  as  the  method  employed  in  measuring  the  position  of  the  absorption 
part  of  the  combination  was  unsatisfactory,  owing  to  the  fine  thread  required  for  other  work  with  the 
measuring  machine. 

Change  of  self -induci ion  in  fhe  dischorge  circuit. — The  shifts  obtained  for  measures  of  Plates 
659,  651,  650,  658,  666,  and  665  are  given  in  Table  X.  Change  of  self-induction  is  much  more  satis- 
factory than  any  other  means  for  controlling  the  absorption  phenomena  and  the  shifts  of  the  lines.  It 
also  has  the  advantage  of  sharpening  the  lines,  which  results  in  increased  accuracy  of  measurement.  In 
the  region  under  investigation  the  cliauge  from  a  bright  line  spectrum  to  one  consisting  almost  wholly 
of  absorption  lines  is  nearly  complete,  though  in  the  less  refrangible  region  comparatively  few  lines  are 
reversed,  even  when  all  self-induction  is  removed  from  the  secondary  circuit.     (See  Plate  XIX.) 

Wilsing's  photograph  of  the  iron  spectrum  in  water,  as  far  as  can  be  judged  from  the  descrip- 
tion of  the  lines  in  his  table  (see  Table  I,  p.  32),  lies  between  our  Plates  666  and  665  of  the  self- 
induction  series.  But  according  to  line  \3765.70  (the  central  line  of  the  triplet)  the  absorption  is 
greater  on  his  plate  than  on  our  No.    665  (for  which   no  self-induction  was   used).     On  his  plate 
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TABLE  IX 
Effects  Fuoduckd  by  Chanui;  in  Lkngtu  of  VVatbr  Gap  and  Air-Gai 


So.  OF  Plate 


Watpr-<Inp  1.0  to  ti.S  mm. 
Air-iiap  1  tu  15  mm. 


Ware- Lengths 


Int«asi- 
ties 


Cbamob  of  Watbe-Oap 


767  aod  772 


1.0 


789  and  770 


76S  aod  771 


0.3 


Chanobop  Aib^iaf 


T(B 


6S3 


Shift  toward  red  in  tenth-meters:  positive  unless otherwii^e  stated.    Type  of  lino  in  italic*. 
Absorption  lines  indicated  by  a:  omission  line  by  e. 


3558.68 

@.51 
87.10 

.3606.85 

40.5.3 
48.00 
51.60 
80.06 
87.55 


3709.40 

22.73 
27J8 
.3.3.40 
4351 

58.39 
6.3.91 
65.70 

67-32 
95.15 
99.70 

3806.48 

24. .IS 
27.98 

.34.38 
.%J)1 


6 
7 

8 
7 
5 

7 
6 
7 

5 
5) 

7 
9 


-0.01 
.04 

.17 


2  .07 

5  .01 

2  .08 


.01 
.08 


.01 


.09 
.04 
.07 
.09 

.02 


.03  a 

.02  a 

.10  e 


a 


0.02 

-.01 
.00 

.29 

.11 
.02 
.12 
.03 
.01 


.02 


.02 
.04 
.13 

.02 


.10 

.04 
.05 
.0.") 

.03 


.02 

a 

4 

.02 

.02 

a 

6 

.03 

.02 

a 

i 

.03 

-.01 

a 

e 

.03 

0.02 

-.02 
.00 

-.05 
.27 
.14 
.Oil 
.13 
.02 
.00 


.02 


.04 
.05 
.18 

.08 


.11 
.05 
.<lt> 
.04 

.03 


4     -0.01 


4 

-.01 

a 

2 

.17 

e 

4 

-.05 

a 

.01 

.00 
.33 

.01 
.32 
.01 
.00 
.02 
.02 
.31 
.00 
.02 
.14 

.03 
.04 


.(II 
.(•3 
.(13 
.4s 
.(Ml 
(II 


a     4 

'  4 


a      4 

a      4 

e  I 

«   j  4 

'a\4 

'.  I  4 


0.04 
.02 


.02 
.32 


.03 


.02 

.01 


.03 

.03 
.03 
.01 
.02 

.05 
.02 
.02 
.27 
.04 
.02 


.01 
.05 

.07 

.02 
.05 


a 
a 


X.37')5.70  is  of  tvjie  7;  while  on  our  plate  tills  line  is  of  typo  2.  From  this  nnd  other  fnets,  to  be 
mentioned  later,  it  ainy  \H;T\in\m  In.'  inferred  that  all  lines  do  not  move  toward  absorption  in  the  same 
manner  under  different  conditions;  i.  e.,  given  two  plates,  taken  under  widely  different  conditions, 
showing  III  iffiif-ral  the  same  absorption,  upon  these  plates  there  may  be  some  cases  in  which  the  same 
line  is  at  a  different  stage  of  absorption. 

('Inijii/i'  of  iihmir  ri'ttislttiirr  in  fhr  ilisrlidnje  r/rcii/V.- -  Measures  of  the  shifts  of  tlie  lines  of 
Plate  7U>,  which  are  given  in  Table  XI,  show  that  the  displacements  are  in  general  slightly  greater 
than  llnjse  of  Plate  (iCiti  of  the  self-induction  series.  The  absorption,  however,  appears  to  be  some- 
what less  marked,  and  tin-  lines  are  not  as  sharp  as  those  of  the  plate  taken  with  self-induction. 

Chdixjr  of  rrxiMltiurr  in  Jielil  circuit  of  ollcrnrilor:  Plates  72i{  and  725;  also  721)  and  727  (no 
nieaxurementH  made). — Plate  725  (resonance)  shows  unmistakably  greater  absorption  than  72;}. 
Plates  72*5  and  727  fas  well  as  anotlu-r  set  niadi-  uiidir  sliglitly  different  conditions)  show  no  tlifTer- 
enee.  This  might  |HTliapK  Ite  due  to  the  small  iliir<r<nce  in  resistance  I  Id  and  27  ohms)  and  the 
extended  ex|M)sureK  (20  aii<l  11  minutes),  during  which  resistaiu-e  changes  are  introduced  owing  to 
cbniige  ill  teMi|MTaturc  of  the  win»s. 
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TABLE  X 
Effect  Produced  by  Change  op  Selp-Induction 


No.  OF  Plate 

e-w 

e.".! 

630 

658 

666 

665 

Self-Inductiou  in  No.  of 
Turns  of  Coil 

U.i 

KM 

.y 

27 

14 

0 

Wave-Lengths 

Intensi- 
ties 

Shift  toward  red  in  tonth-meters:  positive  unless  otherwise  stated. 

Absorption  lines  indicated  by  a;  emission,  by  e 

Typo  of  lino  in  italics. 

3558.68 

6 

0 

0.04     e 

2      0.03     e 

2     0.07     e 

7 

-0.06    a 
.27    e 

1 
7 

0.04    a 

....     e 

4 

0.(»3    « 

65.54 

8 

2 

.0«    e 

3        .07     e 

7     -.08    a 
.25    e 

6 

-.00 

4 

-.00    a 

4 

.00    a 

87.10 

5 

2 

.02    e 

2        .06    e 

Faint    e 

7 

-.09    a 

e 

.08    e 

/ 

-.01    a 

4 

-.01    a 

3606.85 

6 

2 

.01     e 

2        .02    e 

2        .04    e 

2 

2 

.14    e 

7 

-.01    a 

40.53 
48.00 

5 
9 

2 

3 

.02    e 

.08    e 

2       '.07     e 

2        .03    e 

<?     -.05    a 

.22    e 

« 

-.03    a 

2 
4 

.08    e 
-.01    a 

4 

.28    e 
.02    a 

80.06 
87.55 

5 
6 

2 

Faint    e 
.09    e 

Lacking 
2        .08    e 

Faint   a 
2        .08    e 

4 

7 

-.00    a 
-.02    a 

.26    e 

4 

7 

.01    a 

-.02    a 

.27    e 

4 
4 

.00    a 
-.01    a 

3709.40 

6 

3 

.07    e 

3       .Oi)    e 

2        .09    e 

7 

.02    a 

.28    e 

7 

.02    a 
.33    e 

4 

.03    a 

22.73 

27.78 
33.46 
43.51 

6 

6 

7 

2 

2 

Faint 

.08    e 
Faint    e 

.06    e 

Faint 
2        .00    e 

Lacking 
2        .06    e 

Faint 
2       .13    e 
4        .02    a 
2        .09    e 

e 

4 

7 

±.00    a 
-.03    a 

.03    a 
-.06    a 

.25    e 

7 

.02    « 
-.03    a 

.02    a 
-.03    a 

.28    e 

4 
4 

■   4 
7 

.01     a 
.01     ,t 
.01     „ 
-.01    a 
.30    e 

58.39 

8 

3 

.07    e 

3        .09    e 

7     -.05    a 
.24    e 

« 

.02    a 

6 

.02    a 

4 

.02    a 

63.91 
65.70 
67.32 

7 
5 

7 

3 
2 

2 

.05    e 
.02    e 
.03    e 

2        .06    e 
2        .03    e 
2        .03    e 

2        .21    e 
2        .01    e 
2        .06    e 

2 
7 

.01    a 
.09    e 
.01    n 
.32    e 

4 

2 

7 

.00    a 
.10    e 
.01     a 
.31    e 

4 
3 
4 

.01    ,( 
.21    e 
.02    « 

95.15 
99.70 

6 

7 

2 
2 

.04    e 
.03    e 

2        .08    e 
2        .03    e 

2       .10    e 
2        .04    e 

2 

.28    e 
Faint   a 

7 

-.02    a 
.01    a 
.22    e 

6 
4 

-.02    a 
.03    a 

3815.99 
24.58 
27.98 

9 
7 
9 

3 
3 

.05    e 
Faint 
.02    e 

3        .07     e 

Faint 
3        .05    e 

3  .12    e 

4  .03    a 
2        .09    e 

(5 

7 

-.00    a 
.04    a 

-.01    a 
.35    e 

6" 
6 

.01    a 

.04    a 

-.00    a 

r, 
4 
4 

.03    a 
.03    a 
.02    a 

34.38 
56.51 

8 
8 

2 

.03    e 

Faint    e 

2        .07     e 

Faint    e 

2        .14    e 
Faint    e 

6 
4 

-.01    a 
.01    a 

4 

.01    a 
.02    a 

4 
4 

.02    a 
.02    a 

4045.98 
63.75 
71.92 

10 
10 
10 

2 

2 
2 

.01    e 
.03    e 
.02    e 

2        .02    e 
2        .02    e 
2        .03    e 

2        .09    e 
2        .04    e 
2        .03    e 

5 
6 

.02    a 

.06    a 

-.03    a 

5 
6 
6 

.02    a 
.02    a 
.03    a 

4 
4 
4 

.06    o 
.02    a 
.05    a 

4118.72 
99.27 

5 

8 

2 
2 

.02    e 
.02    e 

2       '.oi    e 

2        .00    e 

2 
2 

.03    e 
.06    e 

2 
2 

.03    e 
.06    e 

2 

.i'i    e 

4294.32 

6 

2 

.02    e 

2        .02    e 

2 

.02    e 

2 

.06    e 

Faint    e 

4308.06 
25.94 
83.7] 

10 
10 
10 

2 
3 
3 

.02    e 
.02    e 
.05    e 

3        .05    e 
3        .04    e 
3        .05    e 

3        .06    e 
2        .03    e 
2        .15    e 

G 

-.05    a 
-.01    a 
-.01    o 

6 
6 
6 

-.01    a 
-.03    a 
-.01    a 

6 
6 
6 

.02    a 
.01    a 
.02    a 

4404.94 
15.29 

10 

8 

2 
2 

.03    e 
.05    e 

2        .05    e 
2        .02    e 

2        .04    e 
2        .02    e 

6 
2 

-.11    a 
.12    <; 

6 
2 

-.04    a 
.12    e 

G        .02    a 
Trace  of  7 

:a 


Plblicatioss  of  the  Yebkes  Obsebvatory 


Chauf/e  of  rest'slatice  in  pn'iiuiry  circiiif  of  trdiisformer:  Plates  712,  719  (uo  measurements 
made).  —  No  difference  is  apparent  in  either  set.  Here  again  the  small  difference  between  0 
and  3,  and  0  and  4,  ohms  in  the  transformer  circuit  might  perhaps  ex|>laiu  tiie  failure  to  obtain  a 
difference. 

Chttnyr  of  (rnnitfoniii'r:  Plates  704,  705,  710  (no  measurements  uiaile).  —  The  absorjttion 
shown  u|ion  the  plate  obtained  with  the  Lakon  transformer  with  the  30,000  volt  connections  is 
greater  than  that  obtaineil  with  the  l.j.OOO  volt  combination;  and  the  Lakon  15,000  and  Lewis 
Institute  transformer  plates  are  identical.    The  difference  noted  above  consists  mainly,  but  not  wliolly, 


T.\BLE  XI 
Epfkct  op  Ohmic  Resistance  Compared  with  That  op  Sblp-Inouction 


No.  OF  Platb 

716 

666 

Obmic  Resifitnnce  and  SolMnduction 

18.5  meters  No.  23 

U  Turns  of  Self.Induc- 

ruiiditiuns 

Copper  Wire 

liou  Coil 

Shift  toward  red  in  teDth.ni»t4>rs:  positive  uuless 

Wave-Leotrths 

IntODBities 

otherwise  stated.    Type  of  liue  iu  itatica.    Ab- 
sorption lines  indicated  by  a;  emission  by  e. 

;evW.68 

6 

7            0.01            a 

7      -  0.04          a 

.31           e 

e 

65.54 

8 

5            .01          a 

4            .00          ,, 

87.10 

5 

6             .01          a 

4        -  .01          u 

.3G06.85 

6 

2            .15          e 

•J           .14          e 

48.00 

9 

6            .00          a 

4         -.01           a 

80.00 

5 

4             .01          o 

4            .01          u 

87.55 

6 

6-        -  .01          a 

7        -  .02          (J 

*7               ... 

3709.40 

6 

7             .00          a 

.z  4          e 
7             .02           u 

.84          e 

.83          e 

iJ2.7.3 

6 

4            .01          a 

4              02          a 

27.78 

6             .01           a 

6            .08          fi 

,3.3.40 

6 

4        -  .01          a 

4             .02          <i 

43.51 

7 

7         -  .02          a 

7         -  .03          a 

.2H          e 

.2S          e 

58. :» 

8 

4             .02          a 

U            .02          a 

a3.91 

7 

6             .01           (1 

/              .00          a 

65.70 

5 

2             .1.3           e 

•J            .10          e 

67.32 

7 

6             .00           a 

7             .01          a 

.81           e. 

99.70 

7 

7         -  .01           a 

7             .01          u 

.81 

.22           e 

3815  'J9 

9 

6             .00          ,1 

(S              .01           a 

24.58 

7 

4             .OH           a 

4             .04           a 

27.98 

9 

6             .05           „ 

i;             .00          a 

.34.. ■« 

8 

5             .00          (1 

i;          .01        <i 

56.51 

8 

4             .05          u 

4             .02          a 

in  changes  from  t_v|>es  of  lines  Nu.s.  ^,  '.t,  and  10  (strong,  sharp,  briglit  lines  in  the  center  of  absorp- 
tion lines),  with  the  Lewis  Institute  and  Lakun  15,000  instruments,  to  types  in  whicii  tlie  bright 
line  iB  weak  or,  like  types  5,  6,  and  7.  wliolly  lacking  —  this  in  the  case  >>f  tiie  Lakoii  with  30,000 
volt  connei'tionB. 

From  data  at  liand  it  cannot  be  stated  whether  one  transformer  will  always  give  more  or  leas 
alM<jr|ition  than  another.  All  that  can  Im'  said  is  that  regular  differences  occur,  and  that  the  plates 
showing  HUcli  differencea  can  usually  l>e  re|)ea(ed.  Il  may  In-  seen  in  Table  \'II  that  the  pnwcr  in 
wattH  was  alx>ul  the  same  for  plates  70|  inid  705,  but  considerably  greiitiT  fi>r  710,  tlie  plate  wiiirli 
HhowKth)-  greatest  abHorption. 

From  general  cotiHiderationH  it  might  seiin  thai  the  tutal  |K>wer  consuuietl  in  the  gap  would 
d<-t<-nniiie  the  amount  of   the  absorption  displayed  by  the  H|M-ctruui.      IU   referring  to  Table  \'ll.  and 
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by  studying  tlio  cliarncter  of  the  spectra  as  denoted  by  shift  and  absorption  in  Tables  VIII-XI,  it  may 
be  seen  that  the  greatest  absorpfioii  usually  accr)nipanies  the  highest  readings  of  the  watt  meter. 

But  we  note  that  this  is  not  true  in  the  plates  of  the  self-induction  series.  This  points  to  the 
fact  that  the  suddenness  of  the  discharge  is  an  important  factor  in  determining  the  absorption.  Self- 
induction  lengthens  the  time  of  the  discharge,  and  the  result  is  an  emission  spectrum. 

At  this  point  we  may  also  give  the  results  obtained  with  the  i*  per  cent,  salt  solution  when  high 
dispersion  was  employed.  Plates  (idi  and  tiDo  (Table  XII)  were  taken  under  identically  the  same 
conditions,  e.xcept  that  the  liquid  used  in  the  latter  case  was  tap  water,  while  for  Plate  694  a  2  per 
cent,  sodixim  chloride  solution  in  tap  water  was  used.  Both  plates  were  measured  twice  with 
considerable  care.  All  but  four  of  the  lines  measured  show  displacements  toward  the  red  in  the  salt 
solution  as  compared  with  their  positions  in  the  tap  water.  Moreover,  X  3827.98,  which  is  one  of  the 
lines  not  displaced,  acts  abnormally  in  Plates  767-772  (length  of  water-gap  series) ,  where  it  does  not 
follow  the  general  rule,  but  shows  greater  shift  at  less  absorption. 

TABLE  XII 

Tap  Water  and  2  Per  Cent.  Salt  Solution 

Comparison  of  duplicate  measurements  of  Plates  694  and  695;    AXi  and  AXj.  the  means  of  the  same;  and  AXi  — AXj, 
or  the  excess  displacement  in  the  salt  solution  over  that  in  the  tap  water. 


No.  OF  Plate 

694 

695 

Liquid  Used 

2  per  cent.  2fa  CI  Solution 

Tap  Water 

AA,-AAj 

Intensities 

Displacements 

Mean  aa, 

Types  of 
Lines 

Displacements 

Mean  AA, 

Types  of 
Lines 

Wave-Leogths 

Measurement 

Measurement 

No.  1 

No  2 

No.  1 

No.  2 

3687.55 

6 

0.01 

0.01 

0.010 

4      a* 

0.00 

0.00 

0.000 

4     a* 

0.010 

3708.06 

5 

.01 

.00 

.005 

4      a 

-  .03 

-  .04 

-.035 

7     a 

.040 

58.39 

8 

.01 

.00 

.005 

5      a 

.00 

.01 

.005 

4      a 

.000 

63.91 

7 

.03 

.03 

.030 

4     a 

.00 

.00 

.000 

4     a 

.030 

65.70 

5 

.27 

.27 

.270 

2      e 

.17 

.19 

.180 

2      e 

.090 

67.32 

7 

.03 

.05 

.040 

4      a 

.01 

.02 

.015 

4      a 

.025 

8«.02 

5 

-.01 

.00 

-.005 

4      a 

.01 

-  .01 

.000 

4      a 

-.005 

99.70 

7 

.04 

.01 

.025 

4      a 

.03 

.03 

.030 

4      a 

-.005 

3805.48 

5 

.05 

.23 

.240 

3      e 

.12 

.13 

.125 

3      e 

.115 

13.12 

5 

.01 

.01 

.010 

4      a 

.00 

-  .02 

-.010 

4      a 

.020 

27.98 

9 

.03 

.03 

.030 

4      a 

.03 

.04 

.035 

4     a 

-.005 

34.. 38 

8 

.03             .03 

.030 

4     a 

-  .02 

-  .01 

-  .015 

4     a 

.045 

4045.98 

10 

.04             .03 

.035 

4     a 

.01 

.02 

.015 

4      a 

.020 

63.75 

10 

.07            .08 

.075 

4      a 

.01 

.00 

.005 

4      a 

.070 

4.308.06 

10 

.03             .04 

.035 

4      a 

-  .02 

.00 

-.010 

6     a 

.045 

25.94 

10 

.02             .01 

.015 

4     a 

-  .02 

-  .02 

-.020 

6     a 

.035 

83.71 

10 

-  .01             .00 

-  .005 

6     a 

-  .03 

-  .02 

-.025 

6      a 

.020 

4404.94 

10 

.02             .03 

.025 

6      a 

-  .07 

-  .06 

-.065 

6     a 

.090 

*a  signifies  absorption  line ;  e  emission  line. 


The  spectrum  of  a  roicding  arc  (direct  current,  110  volts)  between  iron  electrodes  in  water 
showed  a  bright  line  spectrum,  marked  by  a  few  lines  not  present  in  air  and  therefore  probably  due 
to  the  surrounding  liquid.  No  absorption  lines  were  shown.  From  a  plate  taken  at  low  dispersion, 
in  the  qualitative  part  of  this  investigation,  it  was  found  that  the  spectrum  of  the  Wehnelt  break 
(iron  and  lead  in  potassium  hydroxide)  similarly  contains  no  absorption  lines  in  the  region 
examined. 

The  question  naturally  arises:  Does  a  definite  displacement  correspond  to  a  definite  degree  of 
absorption  for  any  given  liqiiid,  no  matter  how  different  may  be  the  electrical  conditions  under  which 
the  two  plates  giving  the  same  absorption  are  obtained?    Plate  716  (in  which  resistance  was  inserted 
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in  the  disfhar«je  circuit  of  the  condenser)  shows  slightly  less  absorption  than  Plate  666.  It  falls 
between  Plates  606  and  tioS.  In  amount  of  shift  six  lines  lie  between  60S  and  t'AM,  and  sixteen  lines 
lie  above  66<>.  Apimrently  the  facts  are  not  such  as  would  justify  any  general  conclusion,  for  the 
number  of  lines  studied  is  too  small.  Reference  may  be  made,  however,  to  many  marked  differences 
iK'tween  the  shifts  observed  by  Wilsing  and  by  ourselves,  on  plates  showing  nearly  the  same  degree 
of  absorption  (p.  32). 

DISCUSSION  OF    BESDLTS    OBTAINED    WITH    THE    SPABK    IN    LIQIIDS 

When  a  high-potential  discharge  takes  place  between  metallic  jioles  in  liquids,  two  causes  unite 
to  produce  a  very  rapid  increase  of  pressure  in  the  immediate  neighborhood  of  the  poles:  (1)  the 
sudden  production  of  a  very  high  temperature,  and  (2)  the  sudden  production  of  metallic  vapor  shot 
out  from  Ktth  ]>oles.  At  each  discharge  a  pressure  wave  moves  out  from  the  poles,  the  maximum 
pressure  produced  and  the  pressure  gradient  depending  ii[)on  a  variety  of  circumstances,  chief  among 
which  are  the  nature  of  the  discharge,  the  physical  and  chemical  profierties  of  the  liquid  and  the 
character  of  the  metal  of  which  the  |X)les  are  composed.  Let  u»  consider  briefly  the  bearing  of  these 
various  factors  uiKin  the  resultant  effect. 

Thf  j)ri-ssurr  as  nffecii-il  hij  the  character  of  the  discharge. — From  the  investigations  of  Schu- 
ster and  Hemsalech  we  know  that  the  character  of  the  discharge  of  the  condenser  is  very  different 
under  different  conditions  in  the  circuit.  When  the  resistance  and  self-induction  of  the  circuit  are 
very  small,  almost  all  the  energy  passes  in  the  initial  discharge.  When  water  resistance  is  inserted 
in  the  circuit,  it  produces  an  intermittent  discharge  in  which  but  little  vapor  is  given  off  from  the 
jioles.  The  introduction  of  self-induction  produces  an  oscillatory  discharge,  which  is  rendered  com- 
jiarativflv  slow  by  the  opjwsing  currents  induced  in  the  self-induction  coil.  Under  these  latter  cir- 
cumstances the  initial  discharge  becomes  more  feeble,  and  the  succeeding  oscillations  more  marked 
and  slower.  The  bearing  of  these  results  of  Schuster  and  Hemsalech  upon  the  pressure  phenomena 
encountered  in  the  present  investigation  is  sutEciently  obvious.  As  we  have  shown,  the  highest 
pressures  are  obtained  when  the  resistance  and  self-induction  of  the  discharge  circuit  are  very  small — 
i.  e.,  under  circumstances  which  tend  to  concentrate  the  energy  in  the  first  discharge.  When  water 
resistance  is  introduced,  the  spectroscopic  phenomena  entirely  corresix>nd  with  such  a  change  in  the 
s|>ark  as  would  involve  loss  of  energy  and  less  vaporization  of  the  metallic  jioles.  Self-induction  in  the 
circuit  not  only  tends  to  reduce  the  energy  of  the  discharge,  but  also  makes  it  less  sudden,  on  account 
of  the  distribution  of  the  energj'  over  the  successive  oscillations.  We  should  therefore  expect  a  very 
mark<*<l  effe<'t  of  self-induction  upon  the  spectroscopic  phenomena,  and  this  is  fully  realized  in  practice. 

Tin-  marked  changt-  in  thr  spectrum  produced  by  increasing  the  length  of  the  spark  in  the 
liquid  W(juM  ft«*em  to  indicate  that  tin-  i*nergy  of  the  discharge  is  greatly  decreased  in  this  way.  After 
it  had  been  noticed  that  the  terminals  wear  away  rapidly  with  a  water-spark  from  0.1  nun.  to  0.3  mm. 
long,  an<l  slowly  with  a  spark  from  0.8  mm.  to  1.0  mm.  long,  it  was  thought  that  the  gnat  difference 
in  the  amount  of  vajxjr  pnxluced  under  the  two  ccjuditions  might  account  for  the  obst-rved  ilifferences 
in  the  siKt-trum.  However,  the  ex|)eriment8  desc-rilxHl  on  i>age  44  clearly  prove  that  the  effect  is  not 
confined  to  the  B|)ectrum  of  the  spark  under  observation,  but  may  he  produced  by  changing  the  length 
of  n  s«'<-ond  liquid  spark  in  wries  with  the  tirsl.  It  thus  ap|H'iirs  that  tin-  effect  is  prubalily  due  to  a 
dccrense  in  tin-  energy  of  the  discharge,  which  niiiy  be  brimght  almut  l>y  the  insertinn  of  a  li(]uid 
r»*si8lance  in  any  part  of  the  discharge  circuit. 

The  effect  of  chnnging  the  length  of  the  iiir-gap  is  what  might  have  been  anticipated,  as  the 
[Kitential  of  the  diwharge  is  thus  increased,  and  this  residts  (for  any  given  capacity)  in  an  increast* 
in  llie  quantity  of  electrical  energy  involvwl  in  each  diM<-harge.  An  increase  in  the  diameter  of  the 
air-gap  or  water-gap  terminals  wo«ild  also  lend  tu  increase  the  |K)tential  of  the  discharge,  though  in 
the  latter  caw  the  effect  of  increaHed  absorption   is  more   probably  due  to  a  restriction  of  the  volume 
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occupied  by  the  vajKir  ami  a  consequent  increase  in  its  density  owing  to  the  more  extensive  boundary 
walls  of  the  larger  tcruiinals. 

An  increase  of  cai)acity  would  be  expected  to  increase  the  energy  of  the  discharge,  and  therefore 
to  produce  increased  absorption,  such  as  we  have  observed  to  occur. 

The  effect  of  self-induction  and  of  ohmic  resistance  in  the  discharge  circuit  has  already  been 
mentioned.     In  both  cases  tlie  results  were  what  one  would  expect. 

The  effects  pnxluced  by  varying  the  field  resistance  of  the  alternator,  the  resistance  in  the  |)ri- 
uiary  circuit  of  the  transformer,  or  of  changing  the  transformer  itself,  probably  arise  from  the  influ- 
ence of  such  changes  upon  the  energy  involved  in  each  discharge  and  the  degree  of  disruptiveness 
produced  in  the  spark. 

The  three  properties  of  liquids  which  seem  to  be  most  directly  concerned  are  (1)  the  density, 
(2)  the  electrical  conductivity,  and  (3)  the  tendency  to  unite  cliemically  with  the  metal  of  the 
electrodes. 

1.  Other  things  being  equal,  the  degree  of  absorption  would  presumably  increase  with  the 
density  of  the  liquid;  but  differences  of  conductivity,  and  of  the  chemical  effects  of  different  liquids, 
frequently  mask  effects  caused  by  differences  of  density  alone. 

2.  We  should  expect,  with  a  liquid  of  considerable  electrical  conductivity,  that  the  increased 
leakage  between  the  terminals  would  tend  to  reduce  the  potential  of  the  discharge,  and  therefore  its 
energy.  The  experiments  already  described  with  liquids  of  different  conductivities  do  not  seem  to 
conflict  with  this  view.  It  is  true  that  when  the  concentration  of  a  salt  solution  is  increased,  thereby, 
in  general,  increasing  its  conductivity,  the  absor[)tiou  phenomena  become  more  marked.  But  it  has 
been  shown  that  this  is  probably  due  to  increased  chemical  action  between  the  liquid  and  the  elec- 
trodes, which  would  tend  to  produce  a  greater  volume  of  vapor,  and  thus  to  offset  the  loss  arising  from 
leakage  between  the  terminals. 

3.  We  were  led  by  our  spectroscopic  experiments  to  the  conclusion  that  the  presence  of  a  salt 
in  the  solution  causes  the  metal  of  the  terminals  to  vaporize  more  rapidly.  This  was  before  we  had 
become  acquainted  with  the  work  of  Bredig  and  Haber,  who  reached  the  same  conclusion,  after  study- 
ing the  pulverization  of  the  electrodes  by  an  entirely  different  method,  involving  no  spectroscopic 
observations. 

II.    THE  SPECTRUM  OF  THE  HIGH  POTENTIAL  DISCHARGE  BETWEEN  METALLIC 
ELECTRODES  IN  GASES  AT  HIGH  PRESSURES 

In  connection  with  the  early  part  of  this  investigation,  the  blue  region  of  the  iron  spectrum  of 
the  transformer  spark  in  air  was  observed  at  pressures  up  to  20  atmospheres.  The  measured  values 
of  the  shifts  harmonised  fairly  well  with  those  of  Humphreys  and  Mohler,  obtained  with  the  arc  at 
lower  pressures.  The  metallic  lines  remained  fairly  sharp  and  were  shifted  toward  the  red  by  an 
amount  which  seemed  to  be  directly  proportional  to  the  pressure  (Plate  XXII). 

In  his  paper  "On  the  Interpretation  of  the  Typical  Spectrum  of  the  New  Stars,"™  Professor 
Wilsing  concludes  that  the  pressure  resulting  from  the  spark  discharge  in  liquids  amounts  to  several 
hundred  atmospheres.  As  our  own  investigations  led  us  to  the  belief  that  the  pressure,  at  least  in 
the  case  of  our  iron  spark,  was  in  reality  much  lower,  we  thought  it  desirable  to  extend  our  earlier 
work  on  spark  spectra  in  air  at  high  pressures  to  the  more  refrangible  region  studied  in  the  case  of 
liquids.  As  the  apparatus  previously  used  for  such  work  proved  inadequate,  a  new  pressure  tank  was 
constructed  in  the  Observatory  instrument  shop,  and  with  this  no  difEculty  was  experienced  in  photo- 
graphing the  spectrum  of  the  iron  spark  in  gases  at  pressures  ranging  from  1  to  53  atmospheres. 

This  pressure  tank  was  made  of  two  cylindrical  pieces  of  steel  11  cm.  and  13  cm.  long  respec- 
tively, and  8.5  cm.  in  diameter.     One  of  these  was  threaded,  the  other  tapped,  and  both  were  bored 

^OAstrophysical  Journal,  Vol.  X  aS99),  p.  U3. 


58  Publications  of  the  Yeekes  Obsekvatoky 


out  so  that  the  inclosed  chamber  was  10  cm.  long  and  5.5  cm.  in  diameter.  The  spark  was  produced 
between  terminals  screwed  on  rods,  which  were  arranged  as  in  the  brass  tank  used  in  the  investigation 
of  the  dischari^e  in  water,  except  that  the  ebonite  insulators  were  conical  anil  were  set  in  cone-sha{>ed 
receptacles  to  withstand  high  pressures.  The  light  from  the  spark  passed  through  a  glass  window, 
which  had  an  aperture  of  8  mm.  ahd  was  5  mm.  thick.  This  also  was  cone-shaped  to  prevent  its 
blowin'^  out.  Kut-heads  were  cut  on  each  end  of  the  cylinder,  and  special  wrenches  were  made  to 
screw  and  unscrew  the  two  parts.  A- copper  washer  rendered  the  instrument  air-tight.  The  recep- 
tacle was  tapped  for  outlet,  inlet,  and  pressure  gauge.  The  compressed  air  and  carbon  dioxide  were  led 
in  bv  a  spiral  tube  from  high-pressure  tanks.  Wlien  carbon  dioxide  was  used,  the  window  was  taken 
off   and  the  "as  allowed  to  escape  freely  for  ten  seconds  before  the  tank  was  closed. 

The  accessory  air-spark  was  always  employed ;  without  it  the  discharge  was  intermittent  at  best 
and  often  refused  to  pass  at  all.  The  secondary  potential  difference  in  certain  cases  ran  as  high  as 
19.000  volts  in  actual  operation. 

As  stated  above,  the  spectra  photographed  in  the  earlier  work  at  high  pressures  did  not  extend 
into  the  ultra-violet.  It  had  been  shown  that  the  reversals  of  the  lines  in  the  case  of  spark  spectra  in 
liquids  appear  first  in  the  ultra-violet,  and  advance  gradually  toward  the  less  refrangible  region  as  the 
conditions  for  reversal  become  more  favorable.  A  similar  result  was  shown  many  years  ago  by 
Liveinu'  and  Dewar  to  obtain  in  the  case  of  arc  reversals.  It  is  for  this  reason  that  the  phenomena 
to  be  described  were  not  encountered  by  us  in  our  earlier  work  at  lower  pressures  on  the  less  refrangi- 
ble reo'ion  of  the  sijectrum  of  the  iron  spark  in  air.  Nevertheless,  we  were  somewhat  suri)rised  to 
find,  in  our  first  test  of  the  new  apparatus,  that  at  an  air  pressure  of  1-i  atmospheres  the  reversal 
phenomena  in  the  region  \3550-X.4500  closely  resembled  those  we  were  accustomed  to  photograjJi  in 
the  case  of  the  iron  spark  in  water  with  but  little  self-induction  in  the  discharge  circuit.  It  was  at 
once  evident  that  a  series  of  photographs  made  at  different  air  pressures  would  resemble  the  series 
previously  obtained  with  the  spark  in  water  by  varying  tlie  self-induction.  Photographs  were  there- 
fore made  at  pressures  ranging  from  1  to  53  atmospheres,  portions  of  which  are  reproduced  in  Plate 
XXI.  In  the  temix)rary  absence  of  compressed  air  at  pressures  greater  than  14  atmospheres,  liquid 
carbon  dioxide  was  used  to  give  higher  pressures.  It  has  since  been  found,  moreover,  that  changes 
of  self-induction  in  the  discharge  circuit  of  the  condenser  affect  the  reversal  phenomena  in  the  same 
sense  as  in  the  case  of  the  spark  in  water,  but  over  a  smaller  range. 

An  examination  of  Plate  XXI  will  show  that  the  phenomena  closely  resemble  those  described  in 
the  case  of  liiiuids  (see  p.  51).  At  an  air  pressure  of  3  3  atmospheres  the  lines  are  for  the  most  part 
bright,  though  a  few  cases  of  reversal  appear.  It  will  be  noticed  that  a  few  of  the  lines  have  at  this 
stage  increased  very  markedly  in  relative  intensity.  Such  lines,  as  the  subsequent  photographs  show, 
pass  tiirough  a  maximum  of  intensity  and  afterward  reverse.  At  a  pressure  of ^7.3  atmosplieres  the 
bright  lines  are  broader  and  more  diffuse,  and  the  absorption  lines  are  becoming  prominent.  It  is 
evident  from  inspection  that  many  of  the  reversals  are  not  symmetrical,  the  bright  line  being  relatively 
displaced  toward  the  reil.  At  a  pressure  of  14  atmospheres  tiie  dark  lines  have  become  very  con- 
siiicuous,  and  many  of  the  bright  lines  have  almost  (lisai>[)eured.  Home  evidences  of  a  continuous 
Bi>ectrum  begin  to  apjK'ar  at  this  pressure.  At  27.3  atmospheres  (in  carbon  dioxide)  tlie  continuous 
8t)ectrum  is  quite  conspicuous.  The  absorption  lines  are  strong,  and  the  bright  lines  are  niucli  fainter 
than  Ix'fore.  At  53.3  atmospheres  (also  in  carbon  dioxide)  the  bright  lines  have  practically  ilisap- 
iH'ured  in  tliis  region  and  the  dark  lines  remain,  broad  and  diffuse,  on  a  background  of  bright  con- 
tinuous spectrum.  At  this  pressure  most  of  those  lines  wliose  intensity  is  increased  iit  nuKlerate 
pressures  are  reversed,  and  the  relative  intensities  of  all  the  dark  lines  closely  re.seniiiU'  those  of  the 
bright  lines  in  the  spectrum  of  the  iron  spark  at  iilinos[)lierie  pressure.  Kveii  at  the  liiglu-st  pressures 
few,  if  any,  lines  U-ss  refrangible  than  X4415  are  reverse,!.  I,,  tlie  region  X 4 SOU  X 4900  there  are 
several  strong  lines  unHymmetrically  broadened  in  carbon  dioxide  at  53.3  atmospheres,  and  similarly 
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affected  in  water.  It  seems  to  be  tnif  tliat  the  order  in  wliicli  various  lines  reverse  is  not  always 
precisely  the  same  in  gases  as  in  li(}ui(ls.  For  instance,  line  .1  may  be  an  absorption  line;  in  water 
when  line  B  is  an  emission  line,  while  in  air  line  A  may  be  bright  when  B  is  dark.  With  the  S[)ark 
in  air  at  pressures  somewhat  greater  Ihan  one  atmosphere  the  noticeable  effect  is  generally  an  cniiance- 
ment  of  the  lines.  The  spark  increases  in  brilliancy  and  becomes  very  disruptive;  moreover,  the  air 
lines  disappear  at  comparatively  low  pressures. 

A  preliminary  study  of  the  shifts  of  the  bright  and  dark  lines  at  these  various  pressures  has 
brought  out  certain  facts,  which  are  of  interest  in  connection  with  the  results  obtained  by  Humphrey's 
and  Mohler  on  the  low  potential  discharge  in  air  at  high  pressures,  and  our  own  results  on  the  spectra 
of  high  potential  discharges  in  liquids. 

The  following  tables  contain  data  concerning  several  plates  and  show  the  displacements  of  a  few 
lines  which  may  be  regarded  as  fairly  typical. 

Table  XIII  gives  the  pressure  and  the  constants  of  the  electrical  circuit  which  were  used  in  the 
various  cases. 

TABLE  XIII 

Physical  and  Electrical  Conditions  during  Exposures.    Iron  Terminals  in  Air  and  Carbon  Dioxide 

UNDER  Pressure 


Length 

Diameter 

Field  Cir- 

Primary  Circuit 

Discharge 

s 

< 

OF  (taps 
IN  MM. 

OF  Termi- 
nals TN  MM. 

Metal  and  Shape 

Alterna- 

OF 

Transformei 

< 

CiRCDIT  OF 

Condenser 

8 

'A 

■s 

£S 

.J 

£« 

MM 

cu 

O 

6 
z 

Air 

Is 

Air 

li 

Air 

11 

■1° 

a 

—   CO 

II 
^  B 

a 

[in  tfi 

11 

-'n  F 

p 

O 

Used 

a 

a 

— -s 

o*^ 

o'^ 

«- 

s.< 

«-^ 

CL, 

W.2 

&< 

-II 

« 

>4 

842 

O.fi 

5 

2.3 

4 

Fe,  flat 

Fe,  r'nd 

0 

5.5 

4 

200 

23 

24 

0.007 

0 

Yes 

50 

Lakon  15,000 

AIB 

3.3 

839 

1  1 

5 

2  3 

4 

" 

0 

5.2 

4 

270 

27 

20 

0.007 

0 

(t 

70 

" 

7.3 

8.S.i 

0.2 

5 

2,3 

4 

'I 

0 

4 

0.007 

0 

" 

40 

" 

14.0 

837 

0.3 

5 

2.3 

4 

" 

0 

5.0 

4 

170 

17 

23 

0.007 

14B 

" 

60 

" 

14.0 

a.i9 

0  2 

5 

2.3 

4 

.> 

0 

3.5 

4 

150 

17 

17 

0.007 

0 

•' 

240 

CO, 

3.7 

858 

0  .3 

5 

■^  3 

4 

■' 

0 

4.0 

4 

270 

31 

21 

0.007 

0 

•' 

90 

u 

7.7 

a-ifi 

n  3 

5 

2  3 

4 

" 

0 

4 

0.007 

0 

" 

50 

•' 

14.0 

855 

0  .3 

5 

2.3 

4 

^i 

0 

4 

0.007 

0 

'■ 

35 

(t 

S!6.7 

857 

0.3 

5 

2.3 

4 

tt 

0 

4 

0.007 

0 

.( 

25 

" 

51.7 

864§ 

0.3 

5 

2.3 

4 

" 

0 

4 

0.007 

0 

" 

" 

co= 

*  Resistance  over  and  above  that  of  field  coils  of  alternator  and  primary  windings  of  transformer. 

t  Potential  dilference  at  terminals  of  transformer. 

X  Pressure  as  measured  by  gang.',  in  excess  of  normal  atmospheric  pressure. 

§  Comparison  spectrum  inside,  pressure  spectrum  outside. 


Table  XIV  shows  the  effect  of  increase  of  pressure,  using  (lir  as  the  gaseous  medium.  Plates 
833  and  837  also  show  the  result  of  placing  self-induction  in  the  discharge  circuit  of  the  con- 
denser. As  stated  above,  the  iniluence  of  self-induction  is  not  so  marked  as  in  the  case  of  the  spark 
in  water. 

Table  XV  deals  with  the  effect  of  increase  of  pressure,  with  carbon  dioxide  as  the  gaseous 
medium.  Plate  864  is  to  be  compared  with  858,  the  former  being  taken  with  the  position  of  the  spark 
spectrum  at  normal  pressure  and  that  of  the  comparison  spectrum  under  approximately  7  atmospheres, 
reversed  on  the  photographic  plate.  This  was  done  to  determine  whether  or  not  the  shifts  were  genuine, 
and  not  due  to  unsymmetrical  broadening.  In  measuring  864  the  cross-hairs  of  the  comparator  were 
set  upon  the  tips  of  the  lines  of  the  spectrum  of  the  spark  under  pressure. 
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TABLE  XIV 
Efpbct  Produced  by  Change  of  Pbessuke 

AIR 


No.  or  Plate 

S12 

839 

833 

837t 

Pressure  in  .•Vtmospheres* 

3.3 

7.3 

14 

14 

Wave-LoDRths 

lutensities 

Shift  toward  red  in  t*?nth-meters : 

poeit 

ive  unless  <>tb 

crwise 

stated. 

Absurpti 

un  lines  indicated  by  a; 

emission  liucs  by  e 

.3587.10 

5 

2 

0.05     e 

6  - 

-0.01    a 

e 

-0.01    a 

3606.85 

6 

a 

.06     e 

2 

.14    e 

7 

.05    <i 
.39    e 

2 

0.26      e 

3733.46 

6 

2 

.07     e 

4 

.01    a 

J 

.02    a 

4 

An     a 

58.39 

8 

6 

.01    a 

6 

.06    <( 

6' 

.08    a 

65.70 

5 

2 

.09     e 

2 

.15    e 

7 

.05    a 
.33    e 

2 

.16     e 

67.32 

7 

2 

.09     e 

6 

.06   a 

6" 

.07    <( 

o 

.05     « 

3815.99 

9 

6 

.04     a 

6 

.05    a 

6- 

.OH    ,/ 

I! 

.07     a 

24.58 

7 

2 

.03     e 

5 

.07    a 

4 

.04    a 

4 

.06     a 

27.98 

9 

2 

.11     e 

fi 

.06    a 

•6 

.10    a 

6 

.08     a 

34.38 

8 

2 

.10     e 

6 

.06    a 

6 

.08    u 

6 

.07     u 

4045.98 

10 

5 

.03    a 

5 

.05    a 

5 

.07    a 

63.75 

10 

2 

.07     e 

5 

.06   a 

5 

.07    a 

4199.27 

8 

2 

.05     e 

2 

.14    e 

2 

.18    e 

4i94.32 

6 

2 

.04     e 

2 

.09    e 

2 

.16    e 

4308.06 

10 

2 

.09     e 

5 

.08   a 

5 

.09    <( 

25.94 

10 

2 

.07     e 

5 

.04    a 

5 

.10    ,( 

83.71    . 

10 

6 

.01     a 

6 

.03    a 

6 

.10    a 

4404.94 

10 

2 

.03     e 

6 

.06    o 

0 

.12    a 

•  Id  excoss  of  Dormal  atmospheric  pressure. 

t  U3  turns  of  self-induction  coil  in  discharF^c  circuit  of  condenser. 


T.\BLE   XV 

Effect  Pkoduced  by  Chanop,  of  Pressure 

carbon  dioxide 


No.  OF  Plate 

J59 

t>S8 

856 

855 

8.-.7 

(I64« 

Pressure  in  Atmospheres 

3.7 

7.7 

14 

26.7 

51.7 

7.3 

WaTC-Lcngths 
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Shirt  tov 

h'ard  red  in  tenth-m 

eters. 

Typo  of  line 
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)  in  italics.    Absor[ 
incs,  by  e. 
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lines  indicated  by 

<"! 
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5 

2 

0.02    e 

2 

0.04 

e 

7 
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^ 
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2 

0.06    e 
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6 

2 
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2 
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e 

2 
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4 
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•> 
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.07 
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6 
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*C^in|mriiHJU  »pfclrucn  oo  tonldo  reitloa  uf  plato. 
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A  study  of  the  pressure  shifts"'  of  the  lines  in  the  tables  Indicates: 

1.  That  the  shifts  of  certain  bright  lines,  which  remain  fairly  sharp  and  show  no  sign  of  rever- 
sal at  high  pressures,  vary  directly  as  the  pressure. 

2.  That  the  shifts  of  certain  bright  Jines  at  higli  [)res8ures  appear  to  be  less  than  tin-  law  of 
direct  proportionality  would  require. 

3.  That  the  shifts  of  certain  dark  lines  increase  directly  with  the  pressure,  though  the  shift  per 
atmosphere  is  usually  less  than  in  the  case  of  bright  lines. 

4.  That  when,  with  increasing  pressure,  a  bright  line  is  first  accompanied  and  subsequently 
replaced  by  a  dark  line,  the  presence  of  the  dark  line  appears  to  increase  the  shift  of  the  bright  lin(> 
abnormally  in  the  first  instance,  whereas  the  shift  of  the  dark  line,  after  the  disapjjearance  of  the  Ijright 
line,  is  usually  comparatively  small,  and  increases  with  the  pressure. 

The  absorption  and  sliifts,  as  apparent  on  864  (7.3  atmos])lieres)  are  both  slightly  greater  than 
those  on  858  (7.7  atmospheres).  This  is  contrary  to  the  general  law:  greater  pressure,  greater 
absorption  and  shift.  It  indicates  that  the  results  may  not  be  very  reliable,  and  throws  doubt  on  the 
conclusion,  suggested  by  a  comparison  of  Tables  XIV  and  XV,  that  for  a  given  pressure  the  air  plates 
show  respectively  greater  absoi-ption  and  shift  than  the  corresponding  carbon  dioxide  plates. 

Table  XVI  gives  a  comparison  of  the  effects  of  increasing  pressure  in  the  case  of  the  spark  in 
air,  and  of  decreasing  self-induction  in  the  case  of  the  spark  in  water.  Plate  659  (water)  shows  a 
trifle  less  absorption  than  842  (air).  It  will  be  noticed  that  the  values  of  the  shift  are  distinctly  less. 
The  same  is  true  of  the  other  pairs,  658,  839;  and  665,  833:  in  all  three  sets  the  water  plate  shows  a 
little  less  absorption  but  considerably  less  shift.  Determining  the  means  of  the  measured  shifts  of 
the  emission  and  absorption  lines,  we  obtain  the  data  given  in  Table  XVII.  In  these  three  sets  the 
pairs  of  plates  in  each  show  very  nearly  the  same  spectrum.  If  we  assume  that  the  pressure  devel- 
oped in  the  spark  under  water  determines  the  shift,  we  may  calculate  the  pressure.  From  the  first  set. 
Plates  842  and  659,  using  the  emission  lines  only,  the  pressure  in  the  water-spark  is  found  to  be  1.4 
atmospheres;  from  the  second  set,  Plates  839  and  658,  3.5  atmospheres;  and  from  the  third  set, 
Plates  838  and  665,  9.1  atmospheres.     Of  course,  the  above  assumption  may  not  be  justifiable. 

The  variation  in  the  shift  and  absorption  in  the  high-pressure  air  plates,  taken  under  what 
appeared  to  be  identical  conditions,  may  be  due  to  differences  in  the  leiigth  of  the  internal  gap,  which 
could  not  be  adjusted  accurately  and  therefore  widened  rapidly  during  the  exposure. 

Two  sets  of  plates,  using  for  one  member  of  each  set  metal  terminals  made  from  a  nickel  five- 
cent  piece  (25  per  cent,  nickel  and  75  per  cent,  copper),  and  for  the  other  approximately  chemically 
pure  nickel,  seem  to  show  that  less  absorption  is  given  by  the  alloy  than  by  the  pure  metal.  The  gas 
used  was  carbon  dioxide,  and  the  pressure  approximately  14.3  atmospheres  for  the  first  set  and  20  for 
the  second. 

At  pressures  above  50  atmospheres  the  air-lines  are  not  present  in  the  spectrum  photographed. 

Further  results  of  this  part  of  the  investigation  are  as  follows: 

As  previously  mentioned,  the  influence  of  self-induction  lies  in  the  same  direction  as  with  the 
spark  in  water,  but  the  effect  is  less  marked.  On  the  other  hand,  the  effect  of  an  increase  in  the 
length  of  the  auxiliarij  gap  appears  to  be  great,  tending  toward  extreme  absorption.  The  iron  line 
X  3765.70  is  clearly  of  type  7  (absorption  line  superposed  on  emission  but  with  the  violet  component 
of  the  latter  lacking)  on  a  plate  taken  at  high  dispersion  under  a  pressure  of  13.3  atmospheres  with 
an  auxiliary  gap  of  20  mm.     This  line  is  not  usually  reversed. 

In  our  experiments  with  gases  under  pressure  it  was  possible  to  carry  the  absorption  farther 
toward  the  red  end  of  the  spectrum  than  with  the  discharge  in  liquids.  The  iron  line  \  4415.29  at 
27.3  and  53.3  atmospheres'  pressure  in  carbon  dioxide  is  clearly  of  type  6  (unsymmetrically  reversed; 

21  The  measurements  of  these  shifts  are  frequently  liable  to  errors  of  several  hundredths  of  a  tenth-meter,  due  in  part  to  the  character 
of  the  lines. 
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T.^BLE  XVI 
'.\ir"'  and  "Water"  Plates  Which  Suow  Similar  Degrees  of  Absorption 


No.  OF  Pl-ATE 

842  Air 

659  Water 

839  Air 

K8  Water 

833  Air 

665  Water 

Pn»>iSuro  in  Atmosphpros* 

. 

Self'Inductitiii  iu  Ni>.  of 

."t.S 

IU 

-,.3 

'Z~i 

14.0 

0 

Turns 

Wavc-LcDHrths 

Intensities 

Sliift  toward  rwi  in  tonth-metcrs;  positive  unless  otherwise  stated.    Absorption  lines  indicated  by  a: 

emission  lines  by  c. 

3587.10 

5 

2 

0.05    e 

2    0.02    e 

6 

-0.01  a 

7    -0.09  a 

6" 

-0.01  a 

4    -0.01  a 

3606.85 

6 

2 

.06    e 

2      .01     « 

2 

.14  e 

2        .08  e 

7 

.05  a 
.39  e 

7    -    .01  a 

.28  ? 

.37.'«.46 

6 

2 

.07    e 

2    e 

4 

.01  a 

:<         .03  a 

J 

.02  a 

J    -    .01  a 

58.39 

8 

a 

.01    a 

3      .07    e 

6 

.06  a 

6         .02  a 

6- 

.08  e 

o         .02  <i 

65.70 

0 

2 

.09    e 

2      .02    e 

2 

.15  e 

2        .09  e 

7 

.05  a 
.38  e 

3        .21  e 

67.32 

1 

2 

.09    e 

2      .08    e 

ti 

.08  a 

7         .01  a 

« 

.07  a 

:«            .02   a 

.3815.99 

9 

C, 

.04    a 

3      .05    e 

6 

.05  a 

C         .00  a 

6 

.OS  a 

H         .03  ,( 

24.58 

7 

2 

.03    e 

Lacking 

5 

.08  a 

4         .04  a 

J 

.04  ,1 

4          .03  « 

27.98 

9 

2 

.11    e 

3      .02    e 

6 

.06  a 

7    -   .01  a 
.35  e 

6 

.10  a 

J         .02  <i 

34.38 

8 

2 

10    e 

2      .03    e 

6 

.06  a 

«   -   .01  a 

6 

.08  a 

4         .02  (1 

4045.98 

10 

5 

.03    a 

2      .01    e 

5 

.05  a 

6'         .02  a 

r, 

.07  a 

J         .06  a 

0:5.75 

10 

2 

.07    e 

^      .03    e 

5 

.06  ,. 

6         .06  o 

5 

.07  a 

4         .02  a- 

4Ut9.27 

8 

2 

.05    e 

->      .02    e 

2 

.14  <■ 

2         .06  e 

2 

.18  e 

2        .11  e 

4294. 32 

6 

2 

.04    e 

2      .02    e 

2 

.09  e 

2         .02  e 

2 

.16  e 

2        c 

4.308.06 

10 

2 

.09    e 

2      .02    e 

5 

.OS  (, 

fi   -   .05  a 

5 

.18  a 

6         .02  n 

2.5.94 

10 

2 

.07    e 

3      .02    e 

5 

.04  a 

«    -    .01  a 

n 

.11  a 

?         .01  e 

8:i.71 

10 

6 

.01    a 

a      .05    e 

6 

.03  (1 

6   -   .01  a 

6 

.10  a 

6         .02  a 

4404.94 

10 

2 

.03    e 

3      .03    e 

6 

.06  a 

e   -  .11  a 

6 

.12  a 

6'         .02  u 

*  Above  normal  atmospheric  pressure. 


T.\BLE   XVII 
Calcdlation  of  Pressure  Produced  in  Spark  under  Water 


No.  OF  Plate 

842 
Air  3.3 

6.59 
Water 

839 
Air  7.3 

658 
Water 

833 
Air  14.0 

665 
Water 

Mean  shift  as  determined  from  data  given 
in  Table  XVI 

0.068 

0.028 

0.130 

0.063 

0.170 

0.110 

Resultant  calculated  pressure  in  the  spark 
under  water                           

1.4  atmospheres 

3.5  atmospheres 

9.1  atmospheres 

Bee  Plate  XXI,  which  shows  the  maximum  absorption  given  in  these  regions  with  the  spark  in  cailinn 
dioxide).     In  the  spark  under  water,  only  the  faintest  shadow  of  a  reversal  could  be  obtained. 

Our  sp'ctra  of  the  spark  in  water  and  in  air  under  jiressure  differ  in  the  following  details: 

(I )  Some  emission  lines  show  reversal  more  easily  in  air  than  in  water,  while  with  other  lines  the 
reverse  is  true. 

It)  In  water  the  lines  <jf  type  .T  (  unsymnietrically  broadeneil  emission  lines  |  are  more  numerous 
than  in  air.  However,  as  mentioned  aJKive,  in  the  le.ss  refrangible  regions  near  XX.4ss(t  and  I'.HK) 
several  strong  lines  occur  which  are  unsymnietrically  broadened.  These  are  similarly  affected  in 
water  under  high  ab8ori)tion  conditions. 

<•)    In  gases  under  prfssun-.  the  cnhanci'ini'nt  of  certain  lines  previous  to  reversal  is  very  marked. 

»/)  The  non-tiniforniit V  in  llif  intfusity  of  the  c<intin\ious  spfc-trnin  in  the  air  plates  niidcr  low 
abHor|ition  conditions  is  in  niarkril  contriist  to  the  uniforniily  of  inlcnsity  whidi  oi>tains  in  tin'  water 
H|iectrum. 
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III.    BEAKING  OF  THE  SPARK  PHENOMENA  ON  THE  PRESSURE  THEORY  OF  TEMPORARY 

STARS 

We  have  now  to  cousider  the  bearing  of  our  results  on  Wilsing's  theory  of  temporary  stars.  In 
this  theory  Wilsing  ascribes  the  chief  characteristics  of  the  spectra  of  Novae  to  pressure,  and  finds  a 
close  analogy  between  their  spectra  and  that  of  the  spark  in  water.  The  conditions  of  the  laboratory 
experiments  were  such  that  his  spark  in  water  showed  pairs  of  bright  and  dark  lines,  somewhat 
resembling  in  appearance  the  comjwund  lines  in  the  spectra  of  temporary  stars.  Wilsing  suggests 
that  luminescence  phenomena  may  play  some  part  in  these  stellar  spectra;  but  he  regards  pressure 
as  the  prime  factor,  and  as  our  results  bear  only  on  this  point,  we  shall  confine  our  conclusions  to 
pressure  effects. 

It  may  be  advantageous  at  this  juncture  to  recall  the  chief  j)lienomena  of  temporary  stars,  as 
exemplified  in  the  case  of  Nova  Persei.  On  February  21,  1901,  a  photograph  of  the  constellation 
Perseus  showed  nothing  unusual,  and  demonstrated  that  no  unknown  star  as  bright  as  the  twelfth 
magnitude  could  be  present.  The  next  night  the  Nocci  was  discovered  visually  by  Anderson,  who 
estimated  its  magnitude  to  be  2.7.  The  brightness  rose  to  a  maximum  of  0  mag.  on  February  23,  and 
then  decreased  steadily  to  a  minimum  of  about  1.8  mag.  on  February  28,  after  which  it  rose,  in  a  few 
hours,  to  about  1.6  mag.  Subsequently  the  light  showed  irregular  fluctuations,  amounting  to  as  much 
as  two  magnitudes  in  a  single  day. 

In  April  the  maxima  and  minima  became  more  regular,  with  a  period  of  from  four  to  six  days, 
and  this  continued  until  June,  when  the  range  of  variation  became  less  marked.  By  the  middle  of 
July  the  magnitude  was  about  6.5,  at  which  it  remained  fairly  constant  for  some  time,  ultimately 
fading  gradually  away. 

When  first  discovered  the  Nova  was  white  in  color,  but  within  a  few  days  it  became  red,  and  so 
remained,  with  some  modifications  of  tint  at  maxima  and  minima,  until  July.  At  this  time,  and 
subsequently,  both  in  color  (greenish)  and  spectrum,  the  Nova  resembled  a  planetary  nebula. 

The  changes  in  the  spectrum  were  very  remarkable,  though  in  all  respects  typical  of  temporary 
stars.  At  first  the  spectrum  was  apparently  continuous,  but  by  February  24  broad  and  diffuse  bright 
bands  had  appeared,  accompanied  on  their  violet  sides  by  broad  dark  bands.  The  strength  of  the 
continuous  spectrum,  and  the  small  degree  of  absorption  in  the  dark  bands,  made  the  contrast  very 
slight.  It  rapidly  increased,  however,  as  the  photographs  reproduced  in  Plate  XXIII  indicate.  The 
bright  hydrogen  bands,  which  extended  well  out  into  the  ultra-violet,  were  remarkably  broad,  averaging 
over  30  tenth-meters  in  width.  The  Lick  Observatory  measures  of  February  25  show  the  maxima  of 
these  bright  bands  to  be  displaced  toward  the  violet  about  8  tenth-meters  from  the  normal  positions 
of  the  hydrogen  lines.  By  the  middle  of  March  they  were  displaced  about  -4  tenth-meters  toward  the 
red.  The  broad  dark  hydrogen  bands,  on  the  other  hand,  were  displaced  from  19  to  25  tenth-meters 
toward  the  violet.  The  dark  H  and  K  bands  were  similarly  displaced  about  16  tenth-meters,  while 
the  displacement  of  the  dark  D  band  was  about  27  tenth-meters  in  the  same  direction.  These  shifts 
are  corrected  for  radial  velocity,  which  was  easily  measured  with  the  aid  of  the  narrow  dark  reversals 
of  the  bright  H  and  K  bands.  These  lines  gave  a  practically  constant  mean  value  of  about  -j- 6  km., 
and  the  narrow  dark  D  reversals  gave  a  velocity  of  the  same  order. 

A  discussion  of  the  displacements  of  the  Nova  lines,  based  by  Campbell  and  Wright'"  on  their 
measures  of  the  Mount  Hamilton  photographs,  and  by  Becker"'  on  measures  of  photographs  made  by 
himself  at  Glasgow,  brings  out  the  fact  that  the  displacements  of  the  lines  are  proportional  to  the 
wave-lengths,  and  independent  of  the  particular  elements  to  which  they  belong.  The  obvious  bearing 
of  this  important  conclusion  on  Wilsing's  pressure  theory  will  be  mentioned  later. 

As  the  brightness  of  the  Novn  decreased  the  continuous  spectrum  faded,  and  the  bright  bands 
gained  in  contrast.     The  fluctuations  in  brightness,  however,  were  reflected  in  the  spectrum.     A  rise 

22  Lick  Observatory  Bulletin,  No.  8.  23  Trans.  Roy.  Hoc.  Edinburgh,  Vol.  XLI,  Part  II,  No.  10. 
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to  maximum  was  accompanied  by  a  strengthening  of  the  continuous  spectrum  relatively  to  the  bright 
lines,  but  the  latter  regained  their  contrast  on  the  approach  to  a  minimum.  Thesse  fluctuations 
continued  for  a  time,  but  the  gradual  decline  in  the  star's  light  resulted  iu  a  corresjwiidiug  decrease 
in  the  intensity  of  the  continuous  spectrum  and  of  the  dark  lines,  while  the  bright  lines  became  more 
prominent.  During  this  time  there  were  many  changes  in  the  relative  intensities  of  the  bright  lines. 
K  decreased  greatly,  and  soon  disappeared  entirely.  H  doubtless  shared  a  similar  fate,  but  the  broad 
He  line  prevented  it  from  being  observed.  110  became  narrower  and  sharper,  and  the  relative 
intensities  of  its  several  components  underwent  marked  variations.  The  dark  bands  on  the  more 
refrangilile  edge  of  tlie  bright  hydrogen  lines,  which  were  at  first  broad  and  poorly  defined,  changed 
about  the  middle  of  March  to  shar[)  double  lines.  Before  they  finally  disa[)peared  the  dui)licity 
vanished.  The  narrow  dark  D  lines,  and  the  bright  band  upon  wliich  they  were  projected,  were  of 
sj>ecial  interest.  The  bright  band  gradually  moved  toward  the  violet  so  that  the  two  dark  lines,  which 
were  at  first  nearly  central  on  the  band,  were  iu  April  at  its  less  refrangible  edge.  The  dark  line  on 
the  more  refrangible  edge  of  this  band,  nearly  in  the  position  of  D„  gave  place  to  a  much  broader,  but 
fainter,  band  extending  toward  the  violet. 

Si>ectroscopic  observations  of  Xora  Pcrsri  were  interrupted  during  May  and  June,  on  account 
of  its  proximity  to  the  Sun.  When  first  observed  by  Pickering  iu  July,  the  spectrum  was  fouud  to  be 
that  of  a  nebula,  the  nebular  lines  being  represented  by  broad  bright  bands.  Certain  anomalies 
iu  the  Novaks  spectrum,  such  as  the  abnormal  brightness  and  altered  jxjsition  of  a  line  near  the  place 
of  //?,  were  explained  by  Wright's  photographs  of  the  spectra  of  nebuUe.  A  new  nebular  line  was 
found  which  satisfactorily  accounted  for  the  Xovd  line.  The  narrow  dark  absorption  lines  at  D  and 
at  H  and  K  indicated  no  change  in  the  radial  velocity  of  the  star.  The  broad  bright  bands,  which 
contained  manv  maxima  and  minima,  were  displaced  from  8  to  13  tenth-meters  toward  the  violet. 
Campbell  and  Wright"'  pointed  out  that  these  displacements  were  in  all  cases  proportional  to  the 
wave-lengths  of  the  bands.  The  principal  bands  showed  a  striking  agreement  with  the  known  lines 
of  the  nebulae,  and  with  bands  observed  in  the  spectru'^n  of  Nova  Aurig<ui. 

As  already  remarked,  it  is  not  our  intention,  in  the  j)resent  pajier,  to  attempt  a  discussion  of 
temporary  stars  or  to  deal  with  their  general  theory.  The  above  brief  outline  of  the  principal 
s[)ectroscopic  phenomena  of  Nova  Persei  will  suffice  fur  our  purpose,  which  is  to  point  out  the 
bearing  of  our  ex{)eriments  on  Wilsing's  pressure  theory.  We  are  unable  to  accept  liis  theory, 
for  the  following  reasons: 

1.  In  the  sfHictrum  of  the  spark  in  liquids  or  compressed  gases,  the  occurrence  in  the  violet  of 
pairs  of  bright  and  dark  lines  represents  a  condition  of  moderate  pressure.  When  the  pressure  is 
increased  (see  Plate  XXI),  the  bright  lines  widen  and  finally  disappear,  giving  place  to  dark  lines. 
At  the  high  pressures  su[)[)osed  to  exist  in  temporary  stars,  dark  lines  should  appear  on  a  continuous 
spectrum,  rather  than  pairs  of  bright  and  dark  lines,  if  a  close  analogy  be  assumed  to  exist  between 
the  stellar  and  the  laboratory  phenomena. 

2.  Our  exp-rimenfs.  in  harmony  with  theoretical  considerations,  show  that  selective  absorption 
is  a  function  of  wavf-lcngth,  and  that  line  reversals  begin  in  the  ultra-violet,  and  advance  toward  the 
red  with  increasing  pressure.  If  high  pressure  were  a  dominant  factor  in  temporary  stars,  we  should 
therefore  exjK'ct  to  finil  a  marked  difference  in  the  character  of  the  n'versals  in  different  parts  of  the 
B|x'Ctrum.  Observations  of  Nora  Persei  and  otlier  tem[)orary  stars  showed,  however,  a  remarkable 
similarity  of  the  hydrogen  lines,  from  Hn  in  the  red  to  the  last  recorded  members  of  the  series  in 
the  ultra-violet.  In  this  connection  it  may  be  recalled  that  some  of  the  Wolf-Rayet  stars  show  the 
mon-  refrangible  hydrogen  lines  dark,  while  the  less  ri-frangible  uu'mbers  of  the  series  are  only 
partially  reversed  or  l)riglit. 

y.  Pressure  distilacements  in  the  laboratory  an-  invariably  toward  the  red  end  of  the  spectrum. 
The  slight  ap|Mirent  shifts  toward  the  violet  of  absor|ition  lines  in  the  spectrum  of  the  spark  in  water 

»•  IjOC.  cit. 
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are  probably  due  to  the  presence  of  bright  lines  on  their  less  refrangible  side.  Wilsing  and  Vogel 
have  similarly  explained  the  great  displacements  toward  the  violet  of  the  dark  bands  in  tem[)orary 
stars,  attributing  them  to  the  effect  of  overlapping  bright  bands. ^^  Unfortunately,  however,  this  expla- 
nation can  account  neither  for  the  relative  displacement  of  tlie  dark  bands  after  they  were  clearly 
separated  from  the  Ijright  bands,""  nor  for  the  dis[)lacem('nt  of  the  bright  bands  when  photographed  at 
the  Lick  Observatory  on  February  25,  and  again  after  the  spectrum  had  become  nebular.^' 

4.   In  Humphrey's  investigations  on  the  arc  spectra  of  sodium  and  calcium,  at  a  pressure  of 
lOi  atmospheres,  the  shifts  for  D  (mean  of  D,  and  D,),  and  for  H  and  K,  were  as  follows:'* 


AA,  observed 

SK  roduced  to  A  4000 

D 

119 

81 

H 

25 

25 

K 

22 

22 

As  the  shifts  of  these  lines  were  foiind  to  increase  in  direct  proportion  to  the  pressure,  the 
respective  displacements  of  the  D  and  the  K  lines  in  N'ova  Persci,  when  reduced  to  X  4000,  should  be 
approximately  in  the  ratio  81:22  if  caused  by  pressure.  It  has  been  shown,  however,  that  the  dis- 
placements of  these  lines  in  the  Nova  were  approximately  equal,  when  reduced  to  the  same  wave- 
length. It  is  therefore  impossible  to  see  how  the  position  or  the  character  of  the  Nova  lines  could 
have  been  due  to  pressure. 

It  is  not,  of  course,  our  intention  to  deny  that  differences  of  pressure  existed  in  various  parts  of 
the  mass  of  gases  and  vapors  that  constituted  Nova  Pcrsci.  We  nevertheless  conclude  that  the  dom- 
inant features  of  the  spectra  of  temporary  stars  are  probably  determined  by  some  other  cause,  which 
we  hope  to  investigate  on  a  future  occasion. 

IV.    SUMMARY 
In  the  course  of  this  investigation  on  the  spectrum  of  the  high  potential  discharge  in  liquids 
and  compressed  gases,  undertaken  for  the  purpose  of  testing  Wilsing's  pressure  theory  of  temporary 
stars,  the  following  results  have  been  obtained: 

1.  Wilsing's  observation  that  the  spectrum  of  the  iron  spark  in  water  contains  compound  lines, 
each  consisting  of  a  bright  line  on  the  less  refrangible  side  of  a  dark  line,  is  confirmed  by  our 
experiments. 

2.  By  varying  the  self-induction  in  the  discharge  circuit  of  the  condenser,  the  character  of 
the  spectrum  can  be  greatly  changed.  With  large  self-induction,  the  spectrum  of  the  spark  between 
iron  poles  in  water  consists  of  bright  lines,  and  resembles  the  spectrum  of  the  iron  spark  in  air.  As 
the  self-induction  is  decreased,  dark  lines  begin  to  appear,  nearly  at  the  normal  positions  of  the  iron 
lines,  while  the  bright  lines  are  increasingly  shifted  toward  the  red  and  become  more  diffuse.  With 
no  self-induction,  the  bright  lines  almost  entirely  disappear,  giving  place  to  a  spectrum  of  dark  lines. 
These  remarks  apply  especially  to  the  region  of  the  iron  spectrum  comprised  between  X  .3600  and 
X  4500.  It  should  be  added,  however,  that  with  our  apparatus  some  of  the  bright  lines  persist  even 
when  there  is  no  self-induction  in  the  discharge  circuit. 

3.  An  increase  in  the  length  of  the  auxiliary  air  spark;  in  the  diameter  of  the  water-spark 
terminals;  in  the  diameter  of  the  auxiliary  air-spark  terminals;  in  the  capacity  of  the  condenser; 
and  perhaps  in  the  temperature  of  the  water:  apparently  tend  to  increase  the  absorption.  The 
absorption  is  decreased  by  increasing  the  length  of  the  spark  in  water  and  the  self-induction  in  the 
discharge  circuit ;  by  the  insertion  in  the  discharge  circuit  of  non-inductive  resistance ;  and  probably 
by  other  changes  in  the  electrical  conditions  under  which  the  discharge  takes  place. 

2-^  Vogel,  "Ueberdas  Spectrum der  Nova Persei," Sitzungsberichte  der  kaiserlichen  Akademie  der  Wtsaenschaften,BeT\in,  March  21,19C1. 

-'•Sidgreaves,  Observatory,  May,  1901,  p.  192. 

25  Lick  Observatory  Bulletin,  No.  8. 

■i^  Astrophysical  Journal,  Vol.  VI  (1891),  pp.  192  and  210. 
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4.  In  the  spectrum  of  the  spark  in  salt  solutions  the  absorption  seems  to  increase  with  the 
streujjtli  of  the  solution.  This  njipcnrs  to  be  due.  in  large  part,  to  n  chemical  effect,  the  presence  of 
the  salt  producing  a  more  rapid  pulverization  of  the  electrodes. 

5.  Manganese,  antimony,  bismutli.  tin,  gold,  calcium,  silver,  nickel,  cobalt,  titanium,  alumin- 
ium, lend,  cadmium,  and  magnesium  show  absorption  phenomena  similar  to  those  obtained  with  iron. 

6.  In  an  investigation  of  the  positions  of  lines  under  ditferent  physical  conditions,  made  with 
high  dis{^)ersion,  it  was  found  that  many  of  the  causes  stated  above  to  be  capable  of  changing  the 
degree  of  absorption,  at  the  same  time  produced  displacements  of  the  lines  in  the  spectrum. 

7.  The  i)assage  of  a  liigh  potential  discharge  is  accompainod  by  the  sudden  production  of  a 
verv  high  teui[>eralure  and  the  liberation  of  a  large  quantity  of  metallic  vapor,  lioth  causes  unite 
to  bring  about  a  sudden  increase  of  pressure.  The  amount  of  metallic  vapnr  pn)(hu;(Ml  in  unit  time, 
and  consequently  the  effective  pressure  and  degree  of  absorption,  increases  with  the  strength  of  the 
current  and  the  ditference  of  potential  between  the  terminals.  The  decreased  number  of  oscillations  in 
the  condenser  discharge,  caused  by  the  insertion  of  self-induction,  must  tend  to  reduce  this  quantity, 
and  consequently  to  diminish  the  absorption  and  the  displacement  of  the  lines.  The  effect  of  chan- 
ging other  conditions  that  determine  the  intensity  and  suddenness  of  the  discharge  may  be  accounted 
for  on  similar  grounds. 

8.  In  the  case  of  lines  in  the  same  part  of  the  spectrum,  those  of  greatest  intensity  are  usually 
the  first  to  show  evidences  of  reversal.  In  the  case  of  lines  of  equal  intensity  (with  some  exceptions), 
those  of  shortest  wave-length  reverse  first.  The  reversals  advance  toward  the  nnl  end  of  the  spec- 
trum as  the  conditions  become  more  favorable  for  increased  absorption. 

9.  These  reversal  phenomena,  in  harmony  with  theoretical  considerations,  show  that  selective 
absorption,  like  general  absorption,  is  a  function  of  the  wave-length. 

10.  In  the  spectrum  of  the  spark  between  iron  electrodes  in  compressed  gases,  it  was  found 
that  pairs  of  bright  and  dark  lines  occur,  similar  to  those  obtained  with  the  spark  in  water. 

11.  Reversal  phenomena,  similar  to  tliose  obtained  with  the  spark  in  water  by  varying  the 
self-induction,  were  observed  in  gases  as  the  pressure  was  increased. 

12.  At  air  [)ressures  ranging  from  1  to  20  atmospheres,  the  displacements  of  certain  spark 
lines  which  are  not  reversed  at  these  pressures,  increase  in  direct  proportion  to  the  gauge  pressure  of 
the  gas. 

13.  Certain  dark  lines,  when  reversed  at  low  pressures,  give  pressuri'  shifts  which  increase  in 
direct  proportion  to  the  pressure,  but  usually  at  a  less  rapid  rate  than  in  the  case  of  the  bright  lines. 

14.  When  a  bright  line  is  beginning  to  show  signs  of  reversal,  or  wlien  liriglit  and  dark  lines 
(K'cur  in  pairs,  the  observed  pressure  shifts  are  irregular,  probably  because  the  overlapping  lines 
|)revent  settings  from  being  made  on  their  true  centers. 

1.").  In  c(*mparing  our  pressure  displacements  with  those  of  Humphreys  (Plate  XXll  i.  it  will  he 
noted  that  in  the  case  of  several  lines  our  dis]ilacements  are  larger  for  the  same  gauge  pressure. 

1').  Our  conclusions  as  to  the  bearing  nf  tlie  above  results  on  Wilsing's  ]>ressure  theory  of 
temjxjrary  stars  are  given  on  p.  (54. 

We  wish  to  express  our  thanks  to  Mr.  Eilernmn  loid  to  Mr.  Hartley,  for  making  the  enlargments 
of  our  photographs  which  are  reprndnced  in  ilie  Plates. 
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EFFECT  OF  SELF-INDUCTION  ON  THE  SPAKK  SPECTKUM  OF  IRON  IN  WATER 

1  and  7.  Spark  in  air  at  atmospheric  pressure. 

2  to  6.  Spark  in  water,  showing  changes  caused  by  increasing  self-induction. 
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DISPLACEMENTS  OF  IROX  LINES  IN  COMPEESSED  AIR 

Ordinates  are  Displacements,  in  hundredths  of  a  tenth  meter.     Abscissae  are  Pressures  in  Atmospheres. 

Humphrey's  values  are  indicated  thus  +. 
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INTRODUCTORY  NOTE 

T5y  Edwin  15.  Frost,  Director 

The  issue  of  this  niemoir  ;is  Part  III  of  \'ohiiii('  III  involves  a  change  from  the  original  phm  in  respect 
to  this  volume,  for  it  had  been  intended  that  Part  III  slioiiid  he  the  extensive  memoir  on  his  micrometric 
measurements  of  stars  in  the  globular  clusters  by  Professor  Edward  E.  Barnard.  Part  I  (pages  1-26), 
"The  Rumford  Spectrohehograph  of  the  Yerkes  Observatory,"  by  George  E.  Hale  and  Ferdinand  EUerman, 
was  printed  in  1903.  Part  II  (pages  29-66),  "The  Spectrum  of  the  High  Potential  Discharge  between 
Metallic  Electrodes  in  Litiuids  and  in  Ga.ses  at  High  Pressures,"  by  George  E.  Hale  and  Norton  A.  Kent, 
was  printed  in  1907.  Tlie  sheets  of  these  parts  were  not  bound  up,  at  the  time,  as  it  was  intended  to  issue 
them  in  the  completed  volume;  they  were  distriljuted  as  separate  parts  onl.y  recently.  Because  of  the 
necessity  of  extending  for  a  longer  term  of  years  the  measures  of  the  clusters  by  Professor  Barnard,  that 
work,  when  completed,  will  appear  in  some  future  volume. 

The  present  paper  by  Professor  Fox,  of  Northwestern  University,  Director  of  the  Dearborn  Observa- 
tory, is  based  upon  observations  made  by  him  with  the  Rumford  spectrohehograph  during  the  period  wiiile 
he  was  a  memljer  of  the  staff  of  the  Yerkes  Observatory,  1903-1905  and  1906-1909.  Many  of  the  measure- 
ments on  the  globe  measuring  machine  were  made  by  Mr.  Fox  on  occasional  visits  to  this  ol)servatoiy  in 
1912  and  in  1913.  The  results  of  the  work  in  nearly  final  form  were  comnnuiicated  to  the  American  A.stro- 
nomical  Society  by  him  at  the  meeting  in  the  summer  of  1914.  11ie  military  service  of  Major  Fox  then 
deferred  for  several  years  the  final  revision  of  the  manuscript. 

The  fourth  and  concluding  imrt  of  the  present  volume  will  be  the  paper  on  "The  Forms  and  Motions 
of  the  Solar  Prominences"  by  Edison  Pettit  (Thesis  for  the  degree  of  Doctor  of  Philosophy  in  the  University 
of  Chicago,  August,  1920).     It  is  hoped  that  this  can  be  issued  before  the  end  of  1921. 

Yerkes  Observatory 
July  1921 
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ROTATION  OF  THE  SUN 

By   Philip  Fox 
INTRODUCrnON 

A  selected  number  of  plates  from  the  series  of  spectroheliograms  made  at  the  Kenwood  Observatory 
in  1892-94  were  measured  in  1903-4  and  gave  the  first  results  on  the  rotation  period  of  the  Sun  from  the 
motion  of  calcium  flocculi  in  heliographic  longitude.'  Before  the  results  were  published  the  Rumford 
spectroheliograph  at  the  Yerkes  Observatory  had  been  put  into  successful  operation  and  also  the  spectro- 
heliograph  of  the  Mount  Wilson  Observatoiy .  It  was  therefore  possible  to  write  ■}  "  We  are  both  engaged 
in  work  with  powerful  instruments,  which  furnish  larger  solar  photographs,  much  richer  in  detail  and  better 
suited  for  measurement  than  the  Kenwood  plates.  We  accordingly  expect  to  return  to  this  discussion 
with  the  advantage  afforded  by  a  longer  series  of  better  observations."  The  present  paper,  long  delayed 
in  publication,  is  the  fulfilment  of  this  expectation  so  far  as  the  series  of  plates  with  the  Rumford  spectro- 
heliograph is  concerned.  That  this  work  was  in  progress  has  been  evidenced  by  various  references  to  it 
and  by  some  preliminaiy  reports.' 

RUMFORD  SPECTROHELIOGRAPH 

The  Rumford  Specti'oheliograph  has  been  fully  described  by  Hale  and  Ellerman  in  Vol.  Ill,  Part  I, 
of  these  publications.  In  that  place  and  in  numerous  subsequent  papers  by  Fox,  Abetti,  Slocum,  Lee,  and 
Pettit,  the  character  of  the  plates  made  with  the  instrument  has  been  illustrated.  For  the  purpose  of 
measurement,  the  large  solar  image  (diameter=178  mm),  with  consequent  finer  definition,  offers  obvious 
advantages  over  the  smaller  image  (diameter  =51  mm)  of  the  Kenwood  plates  used  in  the  earlier  investiga- 
tion. Moreover,  the  distortion  of  the  image  found  in  the  Kenwood  spectroheliograms,  due  to  the  curvature 
of  spectrum  Hues,  was  very  cleverly  avoided  in  the  Rumford  spectroheliograms.^  If  the  instrument  is  in 
perfect  adjustment  and  properly  mounted  on  the  telescope,  the  images  are  circular  and  free  from  distortion. 

In  the  long  series  of  adjustments^  necessaiy  in  this  complex  instrument  some,  unfortunately,  were  not 
sufficiently  discriminative  and  some  were  difficult  of  maintenance  or  not  scrupulously  observed,  so  that 
manj'  of  the  early  plates  and,  for  certain  periods,  some  of  the  later  ones  do  not  have  circular  images. 

The  whole  series  from  1903  to  1908,  inclusive,  was  ver>'  carefully  examined  for  suitability  for  measure- 
ment. The  best  plate  of  each  (.lay  of  a  succession  of  two  or  more  clear  days  was  chosen.  In  all,  28.5  plates 
have  been  measured.     They  were  made  by  the  following  observers: 

Fox 188  Fox  and  S.  A.  Mitchell. . .  1 

Fox  and  Abetti 57  Ellerman 13 

Fox  and  Slocum 19  Slocum 2 

Fox  and  Brown 4  Abetti 1 

Prints  were  made  from  the  negatives  and  these  were  carefully  compared.  Features  in  the  flocculi 
which  persisted  from  day  to  daj-  were  marked  on  the  prints  for  measurement.     The  character  of  these 

1  Hale  and  Fox,  The  Rotation  of  the  Sun.     Carnegie  Institution  of  Wasliinglon,  Publication  No.  9.3.  1908. 
^Ibid..  p.  53. 

'Transactions  of  the   International    Union  for  Solar  Research.  Vol.   II   (1908),  pp.   192,  194.  and  Vol.  Ill  (1911),  p.  97.     Science, 
N.S.,  Vol.  XXV  (1907),  p.  613.     Publications  of  the  American  Astronomical  Society,  Vol.  Ill  (1918),  p.  80. 
*  Publications  of  the  Yerkes  Observatory,  Vol.  Ill  (1903),  p.  7. 
Ubid.,  Vol.  Ill  (1903),  p.  12. 
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points  is  shown  on  the  marked  print  of  Plate  XXR'.  Their  persistency  maj'  be  seen  by  careful  comparison 
of  the  photograplis  in  Plate  XX\'.  Some  of  the  fiocculi  changed  form  ver>'  rapidly,  so  that  the  points  in 
many  cases  could  not  be  followed  with  certainty  for  more  than  a  daj'^  even  though  plates  were  available 
for  a  longer  period. 

METHOD  OF  MEASUREMENT  AND  COMPUTATION 

The  globe  measuring  machine  used  for  the  Kenwood  sjiectroheliograms  was  employed.  It  was, 
however,  altered  in  certain  important  respects  in  the  midst  of  the  series.  This  instrument,  as  originally 
used,  was  described  in  the  earlier  paper,  but  inasmuch  as  that  paper  is  not  generally  accessible  the  essentials 
of  the  description  are  repeated  here. 

The  jjhotographs  were  projected  by  means  of  the  light  from  an  electric  arc  lamp  ui:)on  a  globe  accu- 
rately ruled  with  a  series  of  meridians  and  parallels,  Plate  XXVI .  The  parts  of  the  apparatus  in  its  first  form 
were:   (a)  an  arc  lamp,  self-feeding,  so  as  to  keep  the  arc  at  a  fixed  point;   (6)  a  condensing  lens,  10  inches 
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Fig.  1. — Arrangement  of  the  measuring  apparatus  in  its  original  form:  elevation  and  plan 


(25.4  cm)  in  diameter;  (c)  a  frame  to  carry  the  solar  plate,  Figure  2;  (d)  a  projection  lens, — the  lens  used 
was  a  12-inch  (30.5  cm)  objective  of  18  feet  (5.49  m)  focal  length,  so  placed  that  it  formed  the  image  of 
the  photograph  on  the  globe;  (e)  a  plane  mirror  inserted  in  the  path  of  the  rays  to  secure  the  necessarj' 
distance  of  the  globe  from  the  lens  in  the  limited  space  available;  (/)  a  globe  of  diameter  9.53  inches 
(24.21  cm),  on  which  was  accurately  ruled  a  set  of  meridians  and  parallels  of  latitude.  The  arrangement 
of  the  apparatus  in  the  original  form  is  shown  in  Figure  1. 

In  i)rincii)le  the  process  of  projecting  a  photograph  on  this  glol)e  amounts  to  throwing  it  ujTOn  an 
artificial  sun  provided  with  a  visible  net  of  meridians  and  parallels  for  the  measurement  of  heliographic 
longitudes  and  latitudes.  The  primarj'  requirements  are:  (a)  that  the  globe  should  be  at  such  distance, 
26.0  m,  from  the  projection  lens  that  it  would  subtend  an  angle  equal  to  the  solar  diameter;   (6)  that  the 

equation,    +.  =  .,  should  be  fulfilled,  where  a,  b,  and /are  respectively  the  distance  of  the  plate  from  the 

lens,  the  distance  of  the  globe  from  the  lens,  and  (he  focal-length  of  the  lens;  (c)  that  the  size  of  the  solar 
image  on  the  platr;  shouhl  be  to  the  size;  of  the  globe  as  a  to  h.  To  fulfil  the.se  relations  lantern  slides 
were  made  fn^m  the  original  plates  to  give  a  solar  diameter  of  2.55  inches  (6.48  cm). 

The  first  121  plates  of  this  series  were  measured  imder  these  conditions.  Thereafter  a  concave 
niirror,  made  by  Mr.  0.  L.  Petitdidier,  was  substituted  for  the  lens  and  plane  mirror.     Its  aperture  was 


T  H  K     R  O  T  A  T  I  O  N     P  K  U  I  «  U     OF    T  II  K     S  U  N 


69 


8.5  inches  (21 .6  cm)  and  the  focal-length  such  that  the  plate  and  globe  could  be  in  the  conjugate  foci  and 
at  the  same  time  permit  the  use  of  the  original  negatives  which  have  solar  images  of  7.0  inches  (17.78  cm) 
diameter.  The  focal-length  was  36. 1  feet  (11,0  m).  In  this  form  the  instrument  was  used  as  a  Herschel- 
lian  reflector,  Figure  3.  Needless  to  say,  the  plate  and  the  glol)e  were  put  as  near  the  optical  axis  as 
was  possible  without  interference.  This  form  of  the  insti'uiuent  was  simiiler  and  more  satisfactory  in  use. 
The  orientation  for  position  angle  of  I  lie  sun's  axis  was  accomplished  by  rotating  the  plates  on  the 
frame  (c)  about  the  axis  of  projection,  and  for  lu-liographic  latitude  of  the  c'cnter  of  the  disk  by  rotating 
the  globe  about  a  horizontal  axis  perpendicular  to  the  axis  of  projection.  The  image  was  centered  con- 
centrically on  the  globe  in  the  first  form  of  the  apparatus  by  moving  the  frame  (c)  which  held  the  plate 


Fig.  2. — Plate-holder  of  the  globe  measuring  machine 
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Fig.  .3. — Arrangement  of  the  measuring  apparatu.s  in  its  modified 


form 


right  and  left  and  by  means  of  a  double  wedge  up  and  down.  The  frame  was  beside  the  globe  and  the 
adjustment  could  be  made  without  moving  from  the  globe.  In  the  second  form  the  centering  was  accom- 
plished by  rotating  the  mirror  about  two  axes,  one  vertical  and  one  horizontal.  Cords  were  run  from  the 
mirror  to  the  globe  so  that  the  movements  about  these  axes  could  be  accomplished  by  the  observer  without 
moving  from  the  globe.  As  it  was  not  planned  to  measure  the  positions  of  flocculi  near  the  limb  of  the 
Sun,  and  as  it  was  difficult  to  tell  when  the  image  was  accuratelj-  centered  on  the  globe  by  direct  observation, 
a  screen  was  mounted  in  front  of  the  center  of  the  globe  through  which  the  face  of  the  globe  toward  the 
plate  projected.  (See  Plate  XXVI.)  On  this  screen  a  circle  was  ruled  concentric  with  the  peripherj'  of  the 
globe  as  seen  from  the  plate.  When  the  image  was  brought  to  fit  this  circle  it  was  adjusted  both  in  size 
and  position.  The  globe  could  be  moved  to  and  from  the  lens  through  a  limited  range  so  that  its  angular 
diameter  as  seen  from  the  projection  lens  would  correspond  to  the  varjang  angular  diameter  of  the  Sun 
itself  in  the  skv. 
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MEASUREMENT 

The  circles  on  the  globe  were  at  inter\-als  of  degrees,  and  positions  of  all  points  were  estimated  to 
one-tenth  of  a  degree.  Few  points  were  measured  which  were  more  than  45°  from  the  central  meriilian,  for 
any  displacement  of  the  image  as  a  whole  would  be  magnified  in  hcliographic  position  as  the  limb  was 
approached.  With  the  instrument  in  careful  adjustment  and  the  plate  properly  oriented,  the  measure- 
ment of  positions  was  accurate  to  about  one-tenth  of  a  degree.  The  positions  of  sun-spots  were  also  meas- 
ured and  will  be  found  with  a  discussion  in  Addendum  II. 

The  process  of  measurement  was  greatly  facilitated  and  accelerated  by  previously  selecting  the 
jjoints  to  be  measured  from  the  prints  and  listing  them  in  order  in  the  notebook.  The  time  required  at 
the  measuring  machine  for  a  plate  varied  from  one  to  two  hours,  depending  on  the  number  of  points  meas- 
ured. All  measm-es  of  position  are  collected  in  Table  I,  where  the  different  columns  contain  the  plate 
number  and  date,  the  number  of  the  point,  the  latitude,  the  diurnal  sidereal  motion,  the  diurnal  sjTiodic 
motion,  and  the  longitudes  from  the  central  meridian  on  the  first,  second,  third,  etc.,  days.     All  observations 
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Fig.  4. — Curves  for  the  transformation  of  synodic  diurnal  motions  to  sidereal  diurnal  motions 


of  any  point  are  found  under  the  date  of  first  appearance.  The  longitudes  in  Table  I  for  the  second,  third, 
etc.,  day  belong  to  plates  which  successively  follow  in  the  table.  The  latitude  given  is  the  mean  of  the 
observations  of  the  several  days.  The  diurnal  synodic  motion  (x)  in  longitude  was  derived  for  each  point 
l>y  a  least-square  solution,  the  general  formula"  being 


1=1440 


A-[<7]-[<l  M 


where  i  is  the  time  in  minutes  from  the  date  of  the  first  plate  to  that  of  the  subsequent  individual  plates, 
7  is  the  difference  in  longitude  of  the  individual  plates  taken  from  the  first  plate,  and  K  is  the  number  of 
ob8er\ations. 

The  individual  longitudes  are  given  with  refcrciu-e  to  the  central  solar  meridian  as  i^een  from  the 
Earth.  This  is  not  a  fixed  reference  circle  but  is  moving  due  to  the  orl)ital  motion  of  the  Earth,  and  the 
diurnal  motions  derived  from  the  measures  of  course  are  the  synodic  diurnal  motions.  The  motion  of 
the  Earth  is  found  in  the  ,\rnerican  I''i)ftiinrrin  as  a  change  in  the  longitude  of  the  Sun.  It  is  not  constant; 
but,  for  any  given  flocculus  measured  on  from  two  to  six  days,  we  can  .sifely  a.^^sinnc  that  it  is  constant  since 
the  treatment  of  the  measures  is  purely  differential.  The  daily  value  of  the  Earth's  motion  we  will  call  &\. 
A«  the  Sun's  axis  is  inclined  7°\5'  to  the  ecliptic  we  have  a  van.ing  comiwnent  of  the  5X  affecting  the  motion 

•  RoialKiH  Ptriod  e/ Iht  Sun,  PubUcaUoD  Cu-nuKln  Iiutltutlun.  No.  U»  (lOOM),  p.  i:i. 
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of  the  central  meridian.     The  value  of  5X  has  been  platted  for  the  different  days  of  the  year  as  a  broken 
line  in  P'igure  4.     To  evaluate  the  projection  of  this  on  the  solar  equator  the  following  solution  is  given: 

cos  a  =  cos  b  cos  c 

sin  a  cos  i  =  cos  b  sin  c 
•tan  a  cos  I  =  tan  c  (1) 


SI 


A.  -  isoo-jj, 


Differentiating: 

cos  i  sec^  a  da  =  sec-  c  dc  (2) 

from  which,  putting  8a  =  8\ 

tan  c    cos^  a  8c 
tan  a    cos^  c  8\ 


whence, 


sin  2c  „, 
dc=-r—^d\ 
sm  2a 


(3) 


In  these  equations  ('  =  7°15',  a  =  X— 180°  — S2=  the  heliocentric  longitude  of  (lie  Earth  from  the  ascending 
node  of  the  Sun's  equator.  The  value  of  8c  was  determined  for  various  dates  through  the  year  and  is 
platted  as  the  continuous  line  in  Figure  4.  The  addition  of  the  diurnal  value  of  5c  to  the  diurnal  synodic 
motion  gives  at  once  the  diurnal  sidereal  motion. 
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Publications   ok  the   Y  e  r  k  e  s   O  h  s  e  r \ a  t  o  h  y 


TABLE  I 
Observations  and  Du'rnai.,  Motions 


Nl'UBER 

Latitude 

I)  n  H  N  \  I 

M..T1..S 

1    .-.  .1 ;  1  M  ~  o.\  Datb  of  Observation 

AND  Date 

Sidereal 

Synodic 

1 

-■ 

:i                   4 

I 

5 

6 

7 

449 

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

-17?5 

-23.0 

-18.0 

12.8 

13  2 

15  5 

15.4 

19.2 

23  5 

27.3 

20.0 

15.9 

22.3 

-23.8 

-25.0 

-21.9 

19.9 

26.0 

27.5 

18.5 

14?48 
14.99 
14.86 
15.24 
15.24 
14.73 
13.84 
14.22 
14  35 

13  84 
14.73 
14.22 
14.22 

14  73 
14  48 
13.20 
14  22 
14.73 
14.99 
15.24 

13?52 
14.03 

13  90 

14  28 
14  28 
13  77 

12  S8 
13.26 
13.39 
12.8S 

13  77 
13.26 
13.26 
13.77 
13.52 
12.24 
13.26 
13.77 
14.03 
14.28 

27  ?5 
22.9 
15.0 
10.0 
7.9 
6.7 

-  0.4 

-  2.2 

-  4  9 

-  2  (1 

-  9  3 

-  9  9 
-13  9 
-41  7 
-40.9 
-39.4 
-12.4 

-  7.8 
-10.4 

20.0 

38?1 

33.9 

25.9 

21.2 

19.1 

17.5 

9.7 

8.2 

5.6 

8.1 

15 

0  5 

Aug.  6,  'O.-^ 

C  S  T  • 

-  3.5 
-.30  9 
-30.3 
-29.8 

-  2.0 
3.0 
0.6 

31.2 

452 

Aug.  7,  '03 
S*'39» 

34  5 

480 

57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

78 
79 
91 
92 
93 
94 
9.' 

-22.2 

14  9 

17.6 

18.6 

19.3 

21.9 

24.0 

25.2 

23.4 

20  9 

26.8 

24.3 

16.3 

15.9 

-20.2 

-21.3 

-25.1 

22.2 

24.0 

32.4 

28.5 

-27.6 

-29.9 

-28.9 

-19.9 

-19.9 

-17  2 

-17.5 

27  6 
24  2 
20.5 
24.8 

19  4 

-20  0 

26  9 

29  1 

28  I 

30  3 
.32  3 

5.0 

14.89 
15  14 
14.89 
14.89 
14.76 
13.88 
13.37 
13.88 
14.13 
14  64 
13.46 
13.74 
14.69 
14  26 
15.14 
14.58 
14  62 
13  74 
13  62 
13.24 

13  48 
13.77 
14.38 

14  00 
14.89 
15.02 

15  ()2 
14  33 
13  37 

13  93 
13.89 
13.24 

14  15 
14  40 

12  .Ml 

13  r,(\ 
13  70 

13  80 

14  16 
14.19 

13  92 
14.17 
13.92 
13  92 
13.79 
12.91 
12.40 
12.91 
13.16 
13.67 
12.49 

12  77 

13  72 
13  29 
14.17 
13.61 
13  65 
12.77 
12  (15 
12  27 
12.51 

12  80 

13  41 

13  ()3 
13.92 

14  ()5 
14  05 
13  36 
12  40 
12  iMi 
12  92 

12  27 

13  IS 
13  43 

1 1  53 

12  53 
12  73 

12  S3 

13  19 
13.22 

23.5 

28. 8 
32.0 
34.1 
28.2 
28.0 
28.9 
31.8 
26.9 
20.2 
21.8 
18.0 
16  3 
12.7 
2  9 

-  2.1 

-  2.6 

-  0.1 

-  0  9 

-  5  8 

-  7  6 

15  3 
21  2 

23  9 
8.8 
9.8 

-  3  3 

-  7  8 

16  4 
9   1 

10.5 
-36  4 

24  3 
10.6 

-33.0 
-36  9 

-  39  0 

-  II   2 
-48.6 
-52,7 

Aug.  17.  '03 
S'lO" 

40.0 

43  0 

45.1 

39.1 

38.2 

38.7 

42.0 

37  3 

31.0 

31.5 

28.1 

27.1 

23  2 

14.1 

8.8 

8.5 

10  0 

9.1 

3.9 

2.0 

28.0 

31.8 

34.2 

19  8 

47?0 

44.0 

25.4 
25.0 



16  3          -II  1' 

39?9 

44.1 

20  9 

7  8 

2  9 

26.2 

19.5 

20.1 

-26.7 

40  3 
26  9 
-19  0 
-21   9 
-23  7 
-29.1 
-32  4 
-36.0 

19.2 

35  3 
36.5 

485 

Aug.  18,  '03 
lOKW" 

-  8.7 
-10  3 

-  15  9 
- 18  9 

0  5 

-  1.0 

-  5.7 

-  Q    1 

-22  9          1  •  1' 

I 


'  >i>  to  r.>  an:  forunuon  houn,  12'  to  0^  itrv  kflornoon  lioum. 
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TABLE  1— Continued 


Plate  Number 

Number 

Latitude 

Diurnal  Motion 

LOHOITUDEB  ON  DaTS  OF  OBSERVATION 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

485  (conl.) 

97 
98 
80 

99 
100 
101 
102 
103 
104 
105 
106 
126 

107 

109 

110 

111 

112 

113 

114, 

115 

116 

117 

118 

120 

121 

122 

123 

124 

125 

-    3?9 

12.1 

-17.5 

22.1 
23.2 
25.0 
31.7 
27.3 
26.2 
30.8 
34.6 
27.6 

26.6 

22.6 

20.1 

-27.7 

-27.2 

-31.2 

-24.0 

-27.3 

-29.2 

-33.5 

23.0 

17.1 

36.9 

35.4 

25.5 

22.5 

38.5 

14?13 
14.55 
14.34 

14.61 
14.78 
14.21 
14.48 
13.94 
13.92 
14.53 
14.16 
13.74 

13.58 
14.38 
14.11 
14.64 
14.77 
14.77 
14.24 
14.64 
13.98 
13.31 
14.51 
15.17 
13.18 
13.71 
13.58 
13.58 
15.17 

]3?16 
13.58 
13.37 

13.64 
13.81 
13.24 
13.51 
12.97 
12.95 
13.56 
13.19 
12.77 

12.61 
13.41 
13.14 
13.67 
13.80 
13.80 
13.27 
13.67 
13.01 
12.34 
13.54 
14.20 
12.21 
12.74 
12.61 
12.61 
14.20 

-54?3 

-22.3 

10.9 

-10.6 
-13.2 
-15.6 
-24.8 
-29.3 
-31.0 
6.7 
13.7 
-31.5 

-  3.6 
-15.8 

4.4 

-22.3 

-27.4 

-31,7 

13.9 

15.9 

15.1 

17.0 

33.6 

38.5 

14.9 

11.2 

-11.5 

-  9.2 
9.0 

-37?9 

-  5.8 
27.3 

3.5 
1.0 

-  2.0 
-11.2 
-15.7 
-17.8 

20.3 

27.3 

-18.7 

5.9 

-  5.7 
14.3 

-12.0 
-17.0 
-21.3 
23.9 
26.2 
24.9 
26.3 
43.8 
49.2 
24.1 
20.8 

-  2.0 
0.3 

19.7 

-24?5 

8.2 

40.9 

13.5 

11.2 

7.8 

-  0.9 

-  6.4 

-  8.1 
30.7 
37.0 

-  8.9 

-14?9 

494 

Aug.  19,  '03 

3''3S"' 

502 

Aug.  20,  '03 

4hoom 

503 

Aug.  21,  '03 

10''05'» 

516 

127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 

-26.2 
-30.0 
-31.5 
-28.2 
20.3 
19.1 
22  1 
24^0 
24.5 
20.7 
20.8 
19.9 
23.1 
23.1 
27.8 
27.3 
14.6 
8.1 
19.3 
27.9 
26.5 
26.2 
23.2 
22.1 
20.3 
21.6 
18.7 
15.6 
17.2 
17.7 
22.9 
22.4 

14.12 
13.26 
13.96 
13.83 
14.42 
14.40 
13.76 
14.65 
14.36 
14.34 
14.10 
14.11 
14.09 
13.82 
14.23 
14.24 
14.69 
15.28 
13.36 
13.90 
14.79 
14.46 
14.43 
13.83 
13.83 
13.82 
14.23 
14.30 
14.34 
13.93 
14.36 
14.81 

13.14 
12.28 
12.98 
12.85 
13.44 
13.42 
12.78 
13.67 
13.38 
13.36 
13.12 
13.13 
13.11 
12.84 
13.25 
13.26 
13.71 
14.30 
12.38 
12.92 
13.81 
13.48 
13.45 
12.85 
12.85 
12.84 
13.25 
13.32 
13.36 
12.95 
13.38 
13.83 

12.2 
-10.2 
6.2 
5.3 
-16.5 
-13.3 
-12.2 
-21.5 
-18.4 
-25.5 
-27.9 
-31.3 
-27.9 
-29.5 
-28.0 
-25.0 
-20.8 
-36.9 
-35.0 

-  7.8 

-  5.0 

-  3.1 

-  4.2 

-  2.8 
0.0 
0.8 
0.2 

-  2.4 
9.6 
8.4 

10.0 
7.5 

22.0 

-  1.0 
16.1 
15.0 

-  6.7 

-  3.1 

-  2.4 
-10.3 

-  8.2 
-15.2 
-17.7 
-21.3 
-17.9 
-19.5 
-17.9 
-15.1 
-10.4 
-26.0 
-25.4 

1.7 

5.8 

7.1 

5.5 

7.0 

9.7 

10.8 

10.2 

7.5 

19.8 

18.5 

20.2 

17.9 

35.0 
11.1 

Sept.  10,  '03 

4'' 20"' 

27.6 

6.8 

10.0 

10.0 

2.3 

-  2.3 

-  5.1 

-  8.5 

-  7.2 

-  2.0 
3.0 

-13.5 
14.6 
19.0 
20.3 
19.1 

22.3 
23.1 
23.2 
20.7 
32.8 
30.9 

31.5 
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XCUBER 

Latitcde 

DlCRXAL 

MOTIO.N 

Lo.\GlTKDE8  ON  DaT«  Or  ObSBBVATION 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

S 

G 

7 

516  (cont.) 

159 
IGO 
161 
162 
163 
164 
165 
166 
Itl- 
16S 
169 
170 
171 
172 
173 
174 

175 
176 
177 
178 
179 
180 
181 
1S2 
183 
184 
185 
186 
187 
188 
189 

25  ?6 
22  6 
IS.  3 
19. S 
17.0 
13 
10.4 
29  7 
14  0 
17.2 
22.8 

-28.6 
17.3 
17.0 
12.0 

-19.5 

-15.3 

-15.7 

-11.9 

-22.4 

-38.1 

-39.7 

-29.5 

-28.1 

-31.5 

-30.6 

15.4 

19  6 

20.8 

23.2 

17.9 

14?06 
14.75 
14.33 
14.62 
13.70 

13  57 
14.88 

12  -S 
13.96 

14  85 

13  57 

13  38 
14.32 
14.15 
15.08 
13.82 

15.05 
14.43 
14.85 
13.61 
13.71 
14.23 
14.85 
13.82 
13.41 
14.13 
14.13 
15.15 
14.74 

14  43 
13.92 

13?08 
13  77 
13.35 
13  64 
12  72 
12. -.9 
13.90 
11. .SO 
12.98 
13.87 

12  59 
12.40 
13.34 
13.17 
14.10 
12.84 

14.07 
13.45 
13.87 
12.63 
12.73 
13.25 

13  87 

12  S4 
12.43 

13  15 
13.15 
14.17 
13.76 
13.45 
12.94 

5?9 
13.0 
21.5 
24.8 
34.5 
15.9 
19.1 

3.5 

-  12.2 
-28^1 
-23.2 

8.5 

13.0 

6.8 

-  1.3 
5.2 

-41.4 
-39.4 
-39.7 

-  0.6 

0.7 

-  1.0 
-19.0 

12.0 

14.0 

18.7 

4.9 

4  0 

1.9 

3.8 

14.9 

15  ?8 
23.5 
32.0 
35.2 
44.2 
25.5 
29.7 
12.5 

-  2.3 
-17.2 
-13.6 

17.5 
23.8 
17.2 
9.7 
15.2 

-27.7 

-26.3 

-26.2 

11.7 

13.1 

11.9 

-  5.5 
24.5 
26.1 
31.5 
17.7 
17.8 
15.3 
16.9 
27.5 

28  ?6 

44.7 

-  4.0 

30.0 
36.2 
29.7 
23.2 
27.5 

* 

519 

Sept.  11,  '03 
10''38° 

523 

Sopt.  12,  '03 
ICOO" 

580 

1 
2 

3 
4 
5 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2.3 
24 
25 
26 
27 
28 
29 
34 
35 
30 

-29.2 

-27  3 

-28  0 

-23.9 

-19  2 

-23  9 

-24  3 

-20  6 

-20  2 

-22  6 

-15  5 

-22  3 

-16  7 

17  1 

16  6 

16  5 

114 

12  9 

14  6 

20  0 

20  2 

22  5 
26  7 
26  7 

-l.s  7 

-15  7 

7  2 

-12  7 

20  4 

23  2 
22  9 
19  0 

15.06 
14.14 
14.70 
14  28 
13.19 
14  24 
14  33 
14.06 
13,61 
14.15 
14  05 
14  05 

13  64 

14  60 
14  46 
14   10 
14  97 
14  60 
14.60 
14  64 

13  82 

14  24 
14  33 

13  87 

14  51 

12  98 

13  8.3 
14.00 

14  IK) 

13  .52 

14  24 
14  :« 

14.07 
13.15 
13  71 
13  29 

12  20 
13.25 

13  .34 
13.07 
12.62 
13   16 
13  06 
13.06 

12  65 

13  61 
13  47 
13   II 
13  9S 
13  61 
13  61 
13  65 

12  83 

13  25 
13  34 

12  88 

13  .V2 

1 1  99 

12  84 

13  07 
13.01 

12  .5.3 

13  25 
13  34 

-25.9 
-30.0 
-26.7 
-35.3 
-14.7 
-14.8 
-44  6 
-40.5 
-42.0 
-44  5 
-26.6 
-21   7 
-23.7 
14.5 

12  2 
9,8 
7.2 
6.1 
3.2 

-  3.9 
12.2 
10.9 

-  2.0 
3.7 

31.9 

-  9  0 

13  1 
-17.7 

29  7 
-16.5 

23  3 
-16  0 

-10.3 
-15.5 
-11.5 
-20.8 

-  1.3 

-  0.1 
-29.8 
-26.0 
-28.0 
-29.9 
-12.0 

-  7.5 

-  9.3 
29.6 
27.2 
24.2 
22.7 
21.3 
18.8 
11.2 
26.2 
25.6 
12.8 
18.0 
40.0 

4.3 
28.1 

-  3  2 
44.8 

-  2.0 
38.0 

-  12 

Oct.  9,  '03 

-   1.0 

-'6^6 
12.2 

S"^- 

2.2 

7.1 

4.2 

44.5 

41.9 

38.7 

36.1 
33.2 
26.2 
40.5 

32.1 

41.4 
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'1  \l'.l,l':  I     Continued 

Plate  Numbeb 

Number 

Latitude 

DiDBNAL  Motion 

LONOITODES  ON  OaY8  OP  OBSERVATION 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

0 

7 

605 

30 
32 
33 

-24?  1 
22.3 
23.5 

14?31 
14.13 
14.68 

13?32 
13.14 
13.69 

-14?7 

1  8 

-  5.0 

-  0?1 
16.2 
10.0 

Oct.  10,  '03 

10''59"' 

611 

Oct.  11,  '03 

lhl7m 

828 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

307 

208 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

222 

223 

224 

IS  0 

12.7 

22.0 

17.5 

15.0 

15.7 

14.1 

IS.  8 

20.8 

26.4 

25.0 

18.3 

19.6 

20.5 

24.9 

26.7 

26.5 

21.2 

-  5.0 

13.1 

16.9 

17.3 

15.0 

13.0 

10.4 

17.0 

15.5 

-18.4 

-17.8 

-22.2 

-32.3 

-30.8 

-19.9 

17.1 

17.6 

14.33 

13.96 

14.45 

13.83 

14.70 

14.20 

14.20 

13.96 

15.06 

13.96 

13.83 

13.46 

13.83 

13.46 

13.96 

14.08 

13.83 

13.71 

13.71 

14.70 

14.08 

13.59 

13.46 

14.33 

14.33 

15.19 

14.08 

15.56 

14.70 

14.08 

14.94 

13.59 

14.57 

13.83 

13.83 

13.32 

12,95 

13.44 

12.82 

13.69 

13.19 

13.19 

12.95 

14.05 

12.95 

12.82 

12.45 

12.82 

12.45 

12.95 

13.07 

12.82 

12.70 

12.70 

13.69 

13.07 

12.58 

12.45 

13.32 

13.32 

14.18 

13.07 

14.55 

13.69 

13.07 

13.93 

12.58 

13.56 

12.82 

12.82 

7.2 
5.8 
6.2 

-  6.4 

-  4.2 
1.9 
2.9 
0.7 
2.2 

15.4 
13.0 

-  8.3 

-  7.1 

-  5.1 
-19.3 
-38.1 
-39.5 
-18.6 

35.5 

-  6.2 
-10.6 
-17.5 
-15.0 
-15.4 
-16.5 
-13.8 
-13.6 
-22.0 
-28.0 
-24.6 
-16.5 

-  6.1 
3.0 

-22.0 
-20.5 

18.0 

16.3 

17.1 

4.0 

6.9 

12.6 

13.6 

11.2 

13.6 

25.9 

23.4 

1.8 

3.3 

5.0 

-  8.8 
-27.5 
-29.1 

-  8.3 
45.8 

Mar.  7,  '04 

2''22"' 

4.9 
0.0 

-  7.3 

-  4.9 

-  4.6 

-  5.7 

-  2.3 

-  3.0 
-10.2 
-16.9 
-14.0 

-  5.2 
4.1 

14.0 
-11.6 
-10.1 



* 

832 

Mar.  8,  '04 

9''50"' 

854 

225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 

-10.2 

16.4 

11.7 

23.1 

16.6 

-10.3 

-17.7 

-16.7 

-14.4 

-12.8 

-20.8 

-17.0 

-14.2 

-19.3 

-17.9 

-14.3 

-16.8 

-19.7 

14.19 
13  96 
14.73 
13.75 
14.22 
15.12 
13.86 
14.76 
13.94 
14.76 
14.40 
14.30 
14.54 
14.93 
14.01 
14.59 
14.12 
14.11 

13.21 
12.98 
13.75 
12.77 
13.24 
14.14 
12.88 
13.78 
12.96 
13.78 
13.42 
13.32 
13.56 
13.95 
13.03 
13.61 
13.14 
13.13 

-24.2 

-19.9 

-21.2 

6.3 

-16.9 

-17.1 

13.9 

18.1 

19.8 

17.0 

31.3 

28.0 

-24.0 

-19.5 

-28.5 

-25.9 

-17.0 

-40.1 

-  8.8 

-  5.7 

-  6.5 
20.2 

-  2.2 

-  1.7 
28.1 
33.1 
33.9 
32.0 
45.9 
42.5 

-  9.1 

-  4.1 
-14.2 
-10.9 

-  2.7 
-25.9 

4?9 
6.8 
7.1 

29  ?3 

Apr.  12,  '04 

9''26"' 

. 

10.3 
12.0 
40.4 

36.7 

3.9 

9.2 

-   1.7 

2.1 

-12.9 

12.9 
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T.\BLE  l—Cotiti),t(ed 


Plate  Ni;iibeii 

NUHBEB 

Latitude 

UirBNAL 

Motion 

1 

LONOITCDES   ON    1JaV«   OF 

UB8ERVATION 

AND  Date 

Sidereal 

Synodic 

1 

3 

4 

S 

6 

7 

854  (cont.) 

243 
244 
245 
246 
247 
248 
249 
2.50 
251 
252 
253 
254 
2.55 
256 
257 
258 
259 
260 
261 
266 

202 
2(>3 
204 
205 
207 
268 
209 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 

280 
2.81 
282 
283 
284 
2S5 
286 
287 

288 
289 

291 
292 
•293 
294 
295 
290 
297 
298 
299 
300 
301 
302 
303 
304 
305 
300 
307 
308 

-20?0 
-19.8 
-20.3 
-21.4 
29.7 
-13.4 

-  9.8 

21  8 
•20  2 
12  4 

-16.4 

-21.6 

-•20  9 

•22  8 

30.5 

38.8 

34.1 

43.4 

53.9 

-21.7 

-18.4 
-20.6 
-21.7 
-20.8 

10  5 

11  3 
11  9 
10  2 
15.8 

7.5 

10.9 

9.8 

-19.2 

-•20.1 

4.1 

8.1 

27.5 

22  3 
-■22.6 
-12  2 
-14.8 

19.6 

23  5 
13.0 
16.7 

-  6.2 
-17.3 

-22.1 

-24  0 

-23.1 

7.2 

8.7 

16  1 
17.3 

14  0 
9  1 
8.2 

22.2 

15  5 

17  9 

10  9 
7,1 

1       12.5 

11  2 
21  9 

14?39     ' 

13  94 

14.73 

13.94 

13,57 

14.00 

14.76 

13  57 

14  12 
13.73 
14  21 
13.57 
13.90 
14.12 
12.83 

9.89 

13  00 
12.10 
12.38 
14.04 

14  08 
14  OS 
13.87 
14.91 
14.41 
12.74 
13.98 
13.98 
14.22 
14.49 
14.. 55 

14  35 

15  32 
15.11 
14. 55 
14  34 
13.87 

14  IS 
12.82 
14  2S 
14.40 
14.44 
13.83 
13.95 
13.53 

14.99 
14  42 

13  05 
14.19 

14  84 
14  19 
14  30 
13,86 
13,86 
14  OS 
14  02 
14   45 
14  OS 
14  34 

12  .56 

13  97 
15,00 
13.54 

13  70 

14  04 

13?41 

12  96 

13  75 
12,96 
12.59 
13.02 
13.78 

12  .59 
13.14 
12.75 
13.23 
12. 59 
12.92 
13.14 
11.85 

8.91 
12.08 
11   12 
1 1 .  40 
13.00 

13  10 
13.10 
12.89 
13  93 
13.43 

11  7() 
13.00 
13  00 
13.  •24 
13.51 

13  57 
13.37 

14  34 
14.13 
13.57 
13  36 
12.89 

13  20 
11.84 
13.30 
13  42 
13.40 
12.85 
12,97 
12,55 

14.01 
13  44 

1.'  07 
13  21' 
13.86 
13.21 
13  32 
12.88 
12.88 
13    10 
13  04 
13.47 
13   10 

13  30 
11.. 58 

12  99 

14  02 

12  .56 
12.78 

13  00 

•20?5 

23.2 

-25  0 

26.4 

16.3 

-17.3 

-•20  2 

-26.6 

-•28.9 

-.37.8 

7  3 

2.7 

5.9 

-  4.8 
-30.3 
-33.3 
-36.6 

-  7.0 
-17.3 
-43.7 

7.7 

0.7 

8.2 

-28.9 

-37.7 

-38.0 

-37.0 

-38.1 

-33.8 

3.2 

1.3 

-  3  9 
13.2 

-35.9 
-42.0 
-41.7 
-45.9 

2.1 
-28.9 
-48.0 
-48.1 
-•27.5 
-24.4 
-34.1 
-40.5 

-•29.0 

-•27.  S 

32.9 
32.1 
28.0 
25.5 
24.6 
29.1 
•26  9 
21.5 
•20.9 
18.2 
15.2 
13.5 
10.8 
14  5 
12.0 
10.8 
9  3 

1        •■'" 

.i4.il 
37.3 
-10.0 
40.5 
30.0 

-  3.0 

-  5.2 
-12.9 
-14.6 
-23.1 

21.7 

16.4 

19.7 

9.5 

-17.7 

-23.6 

-12.8 

5.1 

-  4.9 
-30.2 

•20.4 

19.4 

20.7 

-15.4 

-•25  2 

-•26.0 

-24.4 

-25.5 

-•22.9 

16.3 

14.1 

9.6 

27.1 

-22  2 

-28.3 

-28.5 

-33.4 

48?1 



3.3 

9.9 

37  ?3 

-11.7 

14.0 

32.5 

-  5.9 

», 

-16.8 

858 

Apr.  13,  '04 
lli-SS" 

i?9 

29?5 

41  ?3 

4.9 

41.3 
35.7 

-  0.8 

-  2.2 

26.5 

38.1 

864 

28.3 

-  5.4 
-21.6 
-21.9 

-  0.8 
1.1 

-10.5 
-15.6 

-  1.1 
0  0 

Apr.  14,  '04 
10^49" 

6.1 

18.0 

867 

11  9 

16.2 

28.9 

44.3 

Apr.  16.  '04 
10''26° 

869 

44.0 
44.3 
40.8 
37.7 
36.9 
41.0 
38.8 
33.6 
33.5 
30.0 
27.3 
'25.7 
21.6 
26  5 
•24.3 
22  4 
21.1 
15  8 

12.0   ;     •26.8 

Apr.  18,  '04 
llh2i«. 

• 

45.4 

40.5 

40.3 

29.9 

41.2 

A 
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TABLE  I— Continued 


Plate  Number 

NtJMBER 

Latitude 

Diurnal  Motion 

Longitudes 

ON  Datb  of  Observation 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

869  (colli.) 

309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 

330 
331 
332 
333 
334 
335 

336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 

20  ?5 
18.0 
15.7 
15.9 
13.9 
16.3 
17.3 
15.1 
17.5 
21.8 
21.6 

-  2.4 
-16.6 
-19.6 
-26.0 

26.6 
20.8 
16.0 
13.1 
18.7 
26.2 

20.9 
-22  9 
-17.4 
-18.1 

24.5 

-  7.4 

-  4.5 
20.5 
12.5 

8.8 
3.9 
24.8 
29.0 
14.4 
14.6 
13.2 
21.1 
20.8 
21.0 
26.8 
14.0 
-14.3 

14?33 
13.74 
14.45 
14.36 
14.84 
14.73 
13.65 
13.76 
14.51 
14.00 
13.97 
13 .  76 
14.62 
13.97 
13.76 
14.30 
13.97 
13.86 
14.26 
14.19 
13.97 

13.47 
14.34 
14.64 
14.71 
14.27 
14.82 

14.81 
14.13 
14.48 
14.25 
15.15 
14.48 
14.03 
14.13 
14.37 
14.92 
13.47 
14.03 
15.03 
14.13 
14.37 
14.13 

13?35 
12.76 
13.47 
13.38 
13.86 
13.75 
12.67 
12.78 
13.53 
13.02 
12.99 
12.78 
13.64 
12.99 
12.78 
13.32 
12.99 
12.88 
13.28 
13.21 
12.99 

12. 50 
13.37 
13  ()7 
13.74 
1 3. 30 
13.85 

13  84 
13   I() 
13.51 
13.28 
14.18 
13.51 
13.06 
13.16 
13.40 
13.95 
.    12. 50 
13.06 
14.06 
13.16 
13.40 
13.16 

-22?9 

-22.3 

-20.6 

-23.3 

-26,1 

-26  7 

-28.3 

-32.3 

-38.3 

-38.0 

-40.3 

31.0 

5.0 

2.5 

31.8 

26.5 

21.1 

2.1 

1.6 

2.0 

4.4 

-20.2 

-18.5 

19.9 

19  1 

14.5 

9.5 

27.8 

-  2  9 
1.6 
4.2 
3.4 
5.7 

-  2.7 
-.30.9 
-34.8 
-40.4 
-14.1 

-  22  7 
-.30^8 
-35.9 

-  9.3 
-48.1 

-10?6 
-10.4 

-  7.9 
-11.0 
-13.3 
-14.0 
-16.6 
-20.8 
-25.8 
-25.5 
-28.3 

42.8 
17.6 
14.5 
43.6 
.38.8 
33.1 
13.9 
13.8 
14.2 
16.2 

-  6.2 

-  3.1 
.34.9 
34.1 
29.3 
25.0 

40  2 

8.9 

13.7 

16.1 

16.1 

17.8 

9.0 

-19.1 

-22.8 

-27.9 

4°2 
3'5 
6.6 
3.5 

16  ?0 

18.8 
15.8 

-  6.8 

5.0 

-11.5 

0.1 

28.5 
29.0 

39.5 

40.1 

' 

30  7 

4.7 
8.1 

42.2 

872 

Apr.  19,  '04 

9''31"' 

46.5 

41.0- 
37.1 

S76 

Apr.  20,  "04 

ll'',52"' 

-  2.9 
-11.0 
-18.2 
-24.1 
2.7 
-36.3 

881 

Apr.  21,  '04 

gh22m 

S91 

352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 

-27.1 

-27.7 

-15.8 

-19.2 

-17.3 

-18.9 

17.8 

18.0 

16.1 

11.0 

9.5 

11.4 

12.6 

16.5 

21.5 

20.4 

23.7 

17.0 

14.44 
14.33 
14.44 
13.47 
14.47 
14.79 
14.19 
14.55 
14.19 
14.46 
14.29 
13.79 
14.12 
14.35 
13.90 
14.12 
14.09 
14.39 

13.47 
13  36 
13 .  47 
12. 50 
13. 50 
13.82 
13.22 
13. 58 
13.22 
13.49 
13.32 
12.82 
13.15 
13. 38 
12.93 
13.15 
13.12 
13.42 

3.8 

-  1.0 

-  5.0 
6.5 

-  7.8 
-14.4 

-  2.3 
-10.9 

-  7.5 
-10.7 
-14.5 
-13.8 
-14.9 
-15.9 
-14.7 
-19.8 
-35.9 
-29.9 

16.2 
11.4 

7.5 
18.1 

3.5 

-  1.2 
10.0 

1.4 
4.8 
1.8 

-  2.0 

-  1.9 

-  2.7 

-  3.8 

-  2.7 

-  7.6 
-23.7 
-17.6 

Apr.  26,  '04 

12'>00"' 

21.7 

18.9 
13.0 
23.9 
15.7 
18.7 
16.0 
11.9 

29.8 

42  ?8 

29.7 

10.6 

-  9.9 

-  3.3 
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TABLE  I — CoiiiiuuL-d 


Plate  Ndhbeb 
AND  Date 


891  (cont.) 


897 

Apr.  27,  '04 

lOMG-" 


906 

Apr.  28,  '04 

ll''34» 


913 

Apr.  29,  '04 

ll'Sl" 


NCIIBER 


917 
Apr.  M,  '04 


370 
371 
372 
373 
374 
37.1 
376 
37S 
379 
3S0 
381 
3S2 
38;} 
384 
385 
386 
387 
388 
389 

390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 
401 
402 
403 

404 
405 
406 
407 
408 
409 
410 
411 
412 
413 
414 
415 

416 
417 
418 
419 
420 
421 
422 
423 
424 
425 
426 
427 
428 
429 
130 
131 
432 
433 
434 
435 

430 


Latittde 


DicRNAL  Motion 


Sidereal   Synodic 


17?7 

14  3 
20  2 
19.1 

-16  S 
-IS  1 
-15  7 
24  8 
27  2 
-14  0 
-11.6 
-11.5 

-  6  8 

-  8.0 
13.5 

-17  5 
10  3 

15  3 
16.7 

-18.5 

-18.1 

-15.6 

8.9 

17.5 

20  () 

22  0 

22  7 

14  0 

15  0 

14  1 
-14  6 
-IS  4 
-11.2 

-26.4 
-32.6 
-28.9 
-25.8 
-17.0 

11,8 
-18.1 

21.0 
-13  4 
-13  S 

-  9.1 
-12.7 

-  8  9 
-16  (« 
-IS  0 
-I.-)  :-, 
-21  r> 

6  2 
19.1 

15  4 
19.0 
15  0 
•2f>  9 
IS  9 
•22  0 

20  2 
IS  4 

23  5 

21  5 
18.1 
17.3 
22.0 

-22  5 


14?30 
14  94 
13  69 
13  79 

13  S9 

14  9S 

13  47 

14  01 
14  22 
14. 33 

12  93 
14  36 

13  63 
13.90 
13.58 

14  44 
13  94 

13  58 

14  24 

14.66 
14.57 
14.48 
14.09 
14.06 
14  06 
14  .35 

13  S7 

14  44 
14.15 
14  l(i 
14.76 
14.63 
14.44 

14.02 
13  22 
13.82 

13  82 

14  72 
14.02 
14  42 
13.51 
14.32 
14.81 
14.31 
14  37 

14  73 
14  73 
1 4. 32 
14  01 

13  91 
14.63 
13.98 

14  03 
14  12 
14  1)1 
13  40 
13  7S 
13  .")6 
13  .1(1 
13  63 
13  40 
14.01 
13.71 

13  gi 

12.88 

14  17 


13?33 

13  97 
12  72 

12  82 
12.92 

14  01 
12  .")0 
i;i  (14 
i:v25 
13.30 
11.96 
13.39 
12  66 
12.93 

12  61 
13.47 
12.97 
12.61 

13  27 

13.()9 
13.60 
13.51 
13  12 
13.09 
13  ()9 
13  3S 

12  90 

13  47 
13  IS 
13.19 
13.79 
13.66 
13.47 

13.05 
12.25 
12  85 
12  85 
13.75 
13.05 
13.45 

12  54 
13.35 
13.84 
13.34 

13  40 

13.7(; 
13.76 
13  35 
13.04 

12  94 

13  66 
13  01 
13  ()l> 
13  15 
13  (14 
12  43 
12  SI 
12  59 
12  .VJ 
12  66 

12  13 

13  ()4 
12.74 
12  94 
U  91 

13.20 


IiONOiTCDES  ON  Dats  Or  Obsbbvation 


-26?0 

-26.6 

-35.8 

-20.5 

10,2 

32.1 

32.9 

-33,1 

-32,3 

-17,2 

-15.7 

-10.0 

-  5.3 
-17.0 
-35.2 
-19.5 

17.4 
2  2 

4!s 

8,0 

9,8 

15,0 

10,2 

12,3 

6.7 

8.0 

6  3 

-  4.9 

-  ()  7 
-41.6 

9.9 
1.0 

-  2.9 

29,3 

20,9 

20.9 

21.3 

7,4 

18,7 

5.1 

4.9 

6.0 

4.1 

23.0 

20.7 

32.9 

26.0 

30.9 

34 . 6 

26.5 

27  0 

-15  7 

-19.0 

-10.9 

-  4.2 
4.1 

-23,8 
-25,1 
-29,9 
-27.0 
-31,6 
-32,5 
-35  1 
-40  4 
-44,8 

-39  5 


2 


-14?0 
-13,2 
-24.0 

-  8.6 
22.1 
45^1 
44,5 

-21.0 
-20.0 

-  5.4 

-  4.6 
1,3 
6.1 

-  4.8 
-23.5 

-  7.0 
29.0 
13,9 
17,1 

21,9 

23,7 

29,4 

24  2 

26^1 

20.4 

22.1 

19.9 

9,3 

7,0 

-27.7 

24,2 

15,4 

11,3 

42.5 
33,3 
33,9 
34,3 
21,5 
31,9 
18,8 
18,0 
19,9 
18.1 
36.5 
34.3 

46,3 
39,4 
43.9 
47,3 
39,1 
40  3 

-  3  2 

-  5.8 
1.9 
8.5 

16.2 
-11.8 
-12.9 
-17.7 
-15.3 
-19.5 
-19.8 

-  22 . 7 
-27  is 
-33.2 


0?4 
1.1 


36.3 


16.1 

20  0 

8.0 


.  43  1 
27.2 
31.1 

36.3 
37.9 
42.9 
37.3 


33,6 


20,2 
38^4 


34.7 
44  6 
31.8 
29.8 
32  5 


47.3 


-12.1 


48?7 


22,2 


29.8 
32  4 
21.3 


35?8 


42.7 


46.5 


33.4 


34.6 


24,7 
21.3 


15.1 
13  0 


11.4 


1 


32.3 


25.8 
23,3 


22.0 


38?9 
37.0 


34.9 


-    1.3 


12.0 
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TABLE  l—Cmlinui'd 


Plate  Number 

NUMBEB 

Latitude 

Diurnal 

Motion 

Lonoitudes  on  Days  of  Observation 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

6 

6 

7 

919 

437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 

465 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
486 
488 
489 

490 
491 
492 
493 
494 
495 
496 
497 
498 
499 
500 
501 
502 

22  ?0 
25  2 
14  2 
21.0 
24.5 
16.2 
17.6 
20.6 
21.0 
21.5 
23.4 
13.9 
16.2 
17.8 
27.2 
24.3 
21.5 
20.2 
19  3 
18  3 
20.0 
-24.8 
-26.6 
-22.3 
-20.5 
-17.9 
26.3 

-19.4 

-20.2 

-25.3 

-23.3 

-23.6 

-23.4 

-22.9 

-25.3 

14.3 

-17.0 

36.0 

23.2 

-18.4 

-24.5 

-16.1 

38.8 

40.1 

12.2 

10.4 

9.3 

-12.3 

19.2 

18.9 

23.2 
20.8 
17.2 
18.3 
18.1 
16.2 
20.4 
17.1 
20.6 
18.5 
21.2 
-24.8 
-21.2 

14?14 
14.40 
13 .  13 
14.90 
13.76 
14.02 
13.92 
14.08 
14.40 
14.65 
14.78 
14.90 
15.16 
15.16 
14.90 
15.03 
14.78 
14.52 
15.28 
15.54 
14.43 
14.14 
13.32 
13.80 
14.01 
14.50 
14.52 

14.55 
14.69 
14  65 
14.84 
14.09 
14.55 
14.65 
13.84 
14.69 
14.15 
13.55 
14.15 
14.55 
14.05 
13.95 
12.74 
11.33 
14.44 
14.86 

14  05 
14.39 
14.65 
14.45 

14.13 
14.13 
14.32 
14.62 
14.43 
14.82 

15  02 
14.32 
14.13 
14.72 
13  64 
14.52 
14.43 

13?18 
13.44 
12.17 
13.94 
12.80 

13  06 
12.96 
13.12 
13.44 
13.69 
13.82 
13.94 

14  20 
14.20 
13  94 
14.07 
13.82 
13.56 
14.32 
14.58 
13.47 
13.18 
12.36 
12.84 
13.05 
13  54 
13.56 

13  59 
13  73 
13 .  69 
13.88 
13   13 
13.59 
13.69 
12.88 
13.73 
13.19 
12.59 
13.19 
13  59 
13  09 
12.99 
11.78 
10.37 
13.48 
13.90 
13.09 
13.43 
13.69 
13.49 

13.17 
13.17 
13.36 
13.66 

13  47 
13.86 

14  06 
13.36 
13.17 
13  76 
12.68 
13.56 
13.47 

25  ?6 

25.1 

20.4 

6.9 

5.7 

2.6 

-  2.3 
0.0 

-  1.4 

-  2.7 

-  2  1 
-11.0 
-11.3 
-14.1 
-14.9 
-20.0 
-19.9 
-20.6 
-26.4 
-26.6 
-31.1 

-  7.4 

-  8.8 
-20.0 
-20.5 
-30  1 
-25.1 

-19  7 
-14.3 
-14.5 
-16.0 
-17  3 

-  3.3 

-  5.7 

-  5.8 
10.5 

-33  3 

-  2.7 

-  4.9 
36.3 
20  0 
25.9 

-12.9 
-16.0 
14.7 
13.1 
4.3 
13  6 
16.5 
15.2 

25.7 

25.8 

13.3 

12.4 

10.7 

10.3 

8.1 

6.7 

4.8 

3.1 

3.2 

17.3 

-42.6 

36?0 
35.7 
30.0 
17.9 

May  2,  '04 

2''26"' 

15.8 
12.9 
8.2 
10.9 
9.2 
8.1 
8.8 
0.0 

-  0.1 

-  2.9 

21?1 
22.8 

34?0 
37.1 

-  3.9 

-  8.9 

-  9.0 

-  9.9 
-15.1 
-15.1 
-20.5 

3.0 
1.0 
-10.2 
-11.0 
-19.3 
-14.4 

-  6.2 

-  0.3 

-  0.9 

-  2.2 

-  4.4 
10.2 

7.9 

7.3 

24.2 

-20  2 

9.3 

8.2 

49.8 

33.0 

38.8 

-  1.2 

-  5.7 
28.1 
26.9 

10.8 

24.6 

-  6.8 

6.5 

13.0 

2  6 

2.2 

-  6.1 

25.9 

15.9 

15.9 

7.9 

923 

May  3,  '04 
9''22"' 

13.3 

11.9 

9  1 

20.1 
38.1 

22.6 

41.8 

17  3 

27.0 
30.1 

28.6 

39.1 
39.2 
26  9 
26  3 

40.6 

928 

Mav  4   '04 

9hl2m 

24.4 
24.4 
22.4 
20.3 
18.2 
17.1 
16.1 
31.1 
-28.9 

932 

Mav  5,  '04 

9''37'= 
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P  I'  B  L  I  C  A  T  I  O  N  S     OF    THE     Y  E  R  K  E  S     O  B  S  E  R  \'  A  T  O  R  Y 


T.\BT.K  I     Continued 


NCUBBB 

Latitode 

DlDKNAL 

MOTION 

1 

Longitudes  on  Days  or 

Observation 

AND  Date 

Sidereal 

Synodlc 

1 

5 

6 

7 

946 

5a3 
.504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
51S 
519 
5-20 
521 
522 
523 
524 
525 
526 
527 
528 

•20?  1 
15.4 
16.0 
12.4 
15  1 
•22 . 6 
•25.9 
16.3 
12.0 
18.0 
14.8 
17.8 
14.5 

12  1 

13  7 
11.5 
36.9 

-•23.5 
-16.1 
-14.0 
-14  6 
-12  5 
-13.4 
18.9 
-18.1 
-21.3 

14?73     i     13?77 
14  95          13.99 
15.16          14  -20 
14  73          l.i  77 

33  ?2 

31.8 

29  3 

'27.7 

26.7 

23.5 

'22  2 

-24^6 

-32.4 

-39.5 

-42.1 

-34.7 

-33.1 

-45.9 

-40.0 

-•27.8 

-.-JO.  9 

-.32.0 

-.37.0 

-38.0 

-41.0 

-43.0 

-  4.2 
OS 

-  7  6 
-10  3 

46?2 

45.0 

42.7 

40.7 

39.4 

36.1 

34.7 

-12.1 

-19.3 

-26.7 

-29.5 

-22.5 

-20.5 

Mav  20,  '04 

il''13"' 

14  42 
14.31 
14.20 
14.^20 
14.84 
14.52 
14.31 
13.89 
14.31 
14.84 
14.10 
14.84 
13. 57 
14.20 
U.IW 

13  46 
13  35 
13  24 
13. -24 
13.  SS 
13.. 56 
13.35 
12.93 
13.35 
13.88 
13  14 
13.88 
12.61 
13.  ^24 
13.67 

-32.8 
-•27.6 
-14.7 
-19.0 
-19.5 
-24.1 
-25.3 
-27.9 

14.42     1     13.46 
14  S4     1     13  88 
14. .S4          13  88 

-29.9 

8.4 

12.9 

5.1 

2.0 

14  31 
13.77 
14  42 
13  99 

13  35 
12.  SI 
13.46 
13  03 

• 

951 

Mav  21    '04 

91.52  » 

902 

529 
530 
5.31 
532 
5:J3 
534 
.Mo 
536 
.537 
538 
.539 
.540 
.541 
542 
543 
544 
.545 
.546 
.547 
.548 
549 
.5.50 
.551 
552 
553 
554 
555 
556 
557 
5.58 
5.59 
.5(H) 
561 
502 
563 
564 
.565 

9  7 

6.2 

6.0 

3.5 

6.2 

7.5 

15.3 

17.9 

13  9 

•  14.0 

17  6 

22.0 

23  0 

23.5 

26  9 

19.7 

-18  9 

-35  4 

-•24   1 

-•22.7 

-ma 

-.30  1 
-23  1 
-22  8 
-17.8 
-19  5 
-19.9 
-22  8 
-23  6 
-•25  2 
-•29  9 
-•26   1 
-•23   1 
-15  0 
-21    1 
-•22  5 
-IK  4 

14.55 
14.87 
14.44 
15  10 
15.  OS 
14.44 
15.10 
14. 55 
14  01 
14.23 
14  01 
14  01 
13  SO 

13.60 
13.92 
13.40 
14  24 
14    13 
13.40 
14. -24 
13.60 
13.  (Hi 
13.^2S 
13.0(i 
13  06 
12..S5 

9.8 

7.. 5 

-ti 

-  11 

-  5  2 
S.6 
7. 7 

11.1 
•24.7 
29.1 
;J0.4 
13.6 

-  1.9 
-15.2 
-38.9 

0.0 
2.4 

-  8.9 
-10.2 
-13.8 
-18  1 
-20  0 
-22  1 

-  •25  2 
-25  2 
-30.7 
-30  9 

-:«.i 

-34  3 

-35.7 

-37.9 

-35.9 

10  9 

2  1 

-  6  0 

-  S  9 

22.5 
20.5 
17.3 
12.4 
12.1 
7.4 
21.9 
•20.4 
23.3 
37.1 
42.3 
42.6 
25.6 
10.9 

-  3.8 
-•26.7 

12.7 

14.7 

3.2 

1.8 

-  1.9 

-  6.2 

-  7.5 
-10.0 
-11.8 
-12.7 
-17.7 
-17.9 
-20.3 
-21.7 
-23.1 
-25.7 
-22.8 

23.1 

13.8 

6.1 

3.4 

May  31,  '04 
11 ''56'" 

^ 

14  65     1     13.70 

13  16          12  21 

14  (11           13  0(i 
14  .55          13.60 
14   12          13.17 
13  90     '     12.95 
13  SO          12  85 
13  69          12.74 

13  60          12  74 

14  33          13  .'JS 
13  00          12  95 

15  30 
14  .33 
14  S7 
14  87 
14  6.5 
14  44 
14   44 
14  01 
14   OS 
14  01 
13  4S 

13  m 

14  12 

14  :J5 
13  .'JS 
13  02 
13  92 
13  70 
13  49 
13  49 

13  (MS 

14  03 
13  (Kl 
12  .53 

12  95 

13  17 

The   Rotation   P  e  u  i  o  d   of  the   Sun 


81 


TABLE  I— Continued 


Plate  Number 

Number 

Latitude 

Diurnal 

Motion 

LON 

OITUDEB  ON  Days  op  Obbervation 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

962  (cnnl.) 

566 
567 
568 
569 
570 
571 
572 
573 
574 
575 

-21  ?0 
-27.6 
-16.0 
-18.4 
-20  5 
-17.0 
-10.0 
-  4.8 
21.1 
23.6 

14?01 
14,55 
14,01 
14,87 
14,44 
14.87 
14.01 
14.33 
13.69 
13.37 

13?06 
13,60 
13,06 
13,92 
13,49 
13.92 
13.06 
13.38 
12,74 
12.42 

-12?0 
-17.9 
-11.5 
-17.0 
-15.8 
-17.1 
-25.0 
-24.3 
-40.0 
-39.2 

0?2 

-  5,2 

0,7 

-  4,0 

-  3,2 

-  4,1 

-12,8 
-11,8 
-28,1 
-27,6 

967 

June  1,  '04 

10''21"' 

972 

576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
,    602 
603 
604 
605 
606 
607 
608 
609 
611 
612 
613 
614 
615 
616 
617 

618 
619 
621 
622 
623 
624 
625 
626 
627 
628 
629 

-23.0 
-19.2 
-16.2 

-  5.5 

-  7.3 
0.8 

-  9.5 
-15.8 
-19.0 
-10,0 
-24  9 
-30.0 

-  22 . 2 
-1T.7 
-19.0 
-22.5 
-30.4 
-36,9 
-14,9 
-20,4 
-39,8 

9,1 
11,4 

9.8 
15.5 
19.0 
17.6 
16.0 
15,5 
19,7 
20,8 
21,7 
18,3 
15,2 
20,9 
23,2 
18,2 
27,8 

-  21  2 
-32^7 

33,5 

-18,3 

-17,9 

-23,1 

14,9 

26,3 

24,4 

21,7 

8,3 

8,7 

6,1 

-19,0 

14.47 
13.62 
14.25 
15.11 
14,79 
15,53 
14.15 
14.32 
13.83 
14.68 
14.04 
14.38 
13.57 
14.79 
13.83 
13.73 
13,16 
14,36 
14,68 
13,88 
12,77 
15,64 
13.19 
14.21 
14.46 
14.15 
14.15 
14.15 
13.72 
12.66 
13.83 
14.23 
14.43 
13.93 
14.04 
14.15 
13.30 
12.87 
14.57 
13.40 
14.57 

13.35 
13.35 
13.77 
14.59 

14.67 
13.54 
14.03 
14.94 
14.78 
14,55 
14,20 

13,52 
12,67 
13  30 
14,16 
13,84 
14,58 
13  20 
13,37 
12,88 
13,73 
13,09 
13,43 
12,62 
13,84 
12,88 
12,78 
12,21 
13,41 
13,73 
12,93 
11,81 
14,69 
12,24 
13,26 
13,51 
13,20 
13,20 
13,20 
12,77 
11,71 
12,88 
13,28 
13,48 
12,98 
13,09 
13,20 
12,35 
11,92 
13,62 
12,45 
13,62 

12,40 
12 ,  40 
12,82 
13.64 
13.72 
12.59 
13.08 
13.99 
13.83 
13.60 
13.25 

32.1 
30.4 
26,4 
25,2 
14,8 
5,3 

-  0,4 
0,7 

-  0,3 
28,6 

9,4 
8,3 

-  4,0 

-  9,3 
-10,0 

-  8,1 

-  4,0 

-  5,7 
-13,9 
-20,1 
-12,9 

-  8,0 

-  6,7 
-11,2 

-  5,8 
-27,3 
-28,9 
-30,2 
-32,0 
-32,4 
-23.1 
-18.7 

8,2 
12,5 
29,1 
30,8 
31,8 
10,9 
10,3 

-  0,1 
24,2 

24,2 
25,5 
16,2 

-  5,1 
13,2 
18,8 
19,9 

-  8.1 
-13,4 

1,5 
6,0 

44,8 
42,3 
38,9 
38,5 

June  8,  '04 

lli'14"' 

27,8 
19,0 
12.0 
13.1 
11.8 
41.5 

27?2 

39  ?4 

21.7 
21.1 
8.0 
3.7 
2.1 
3.5 
6.4 
6.9 

-  1.0 

-  8.2 

-  1.8 
0.8 
4.8 
1.2 
6.9 

-14.9 
-16.5 
-17.8 
-20.0 
-21.4 
-11.0 

-  6.2 
20.9 
24.7 
41.4 
43.3 
43.4 
22  1 
23^1 
11.6 
37.0 

37.2 

38.5 

29.6 

9.1 

26.8 

32.0 

33.7 

6.2 

1.1 

16.1 

19.9 

35.0 
21.1 

17.3 
20.0 

31.1 

5.6 
14.3 

15.4 
20.9 

27.1 
33.4 

7.5 
35.0 

19.7 

47°1 

976 

June  9,  '04 

91147111 

41.3 
21.6 
40.1 

45.5 
19.3 

28.1 
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Plate  Xcmbeb  I 
AND  Date 


976  {conl.) 


982 

June  10.  '04 

10^')7■° 


989 
June  11,  '04 
8M6° 

994 
June  13,  '04 
lOi'OT" 


1004 

June  14,  '04 

10''30" 


1007 
June  16,  '04 


1013 

June  17,  '04 

lO'J-l"' 


NrUBER     Latitcde 


DiuBNAL  Motion 


Sidereal 


t>3U 
631 
632 
633 
634 
635 
636 

637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 

648 
649 


650 
651 
652 
653 
654 
655 
656 
657 
658 

660 
661 
662 
663 
664 
665 

666 
007 
OOK 
609 
670 
671 
672 
673 
674 
675 
676 
677 
67S 
<i79 
OsO 
OHl 
6S2 
OKJ 
0.H4 

680 

087 
•  INK 
0H9 
OiM) 
091 
092 
ti93 


-16?8 
-17.2 
-16.3 
-23  5 
-22.9 
-22.2 
-25.6 

16.6 

13.2 

14.8 

-  2.8 

15.6 

16.8 

24  2 

-27^9 

-28.7 

-29.5 

27.0 

11  6 
11.8 


17.4 
21.5 
25.5 
24.6 
29.4 
27.9 
28.6 
30.1 
19.8 

6.7 
10.7 
11.8 
18.1 
22.6 
14.2 


9.5 
7.0 
8.5 

10.2 
8.0 
9  1 

10.4 

12  3 

13  9 
16.1 
17.4 
17 
17 
17 

-21 
-18 
-22 

T4 

II 


12  5 
10  7 

13  5 
9  0 
0  1 

18  0 

10  3 

-15  1 


13?78 
14  49 
14  12 
14  20 

13  72 
14.49 
13.82 

14.28 
14.04 
14.81 
14.37 
14.15 
14.26 
14.26 
13.71 
13.93 
13.71 
13.34 

14  42 
14  91 


13.94 
14.63 
14.34 
13.94 
13.84 
13.74 
14.53 
13.94 
14  53 

14.58 
14.43 
14.38 
14.64 
14.17 
14.64 

14.45 
14  20 
14  30 
14.10 
13.80 
13.90 
14.56 
14.18 
14.28 
14.18 
14.25 
14  15 

13  9S 

14  00 
14  U 
14  37 
14  IS 
14  85 
14  00 

14  24 
14  13 
14  88 
14  8X 
14  >M 
13  97 

13  91 

14  77 


Synodic 


12?83 
13  ■>4 
13  le 
13.25 
12.77 
13.54 
12.87 

13.33 
13.09 
13.86 
13.42 
13.20 
13.31 
13  31 
12.76 
12.98 
12.76 
12.39 

13  47 
13  90 


12.99 
13.68 
13.39 
12.99 

12  89 
12.79 
13.58 
12.99 
13.58 

13.63 
13.48 
13.43 
13.69 
13.22 
13.69 

13.50 

13  25 
13.41 
13.15 
12.85 
12.95 
13  61 
13.23 
13.33 
13  23 
13  30 
13  20 
13  03 
13  0". 
13  10 
13  42 
13  23 
13  90 
13  71 

13  29 
13  IS 
13  93 

13  93 

14  (M 
13  02 

12  90 

13  S2 


LoNOlTCDES  ON  DaTS  OP  ObsEBVATION 


-40°1 
-42  7 
-44  1 
-19.3 
-21.5 
-24.3 
-27.9 

1.2 
14.3 
19.0 

8.2 

-  6.0 
-10.2 

3.1 
31.5 
20.1 
23.7 

-  9.5 

21.2 
-20' 1 


8.7 
8.0 
8.4 
6.4 
6.0 
19 

10.0 
-  0.8 

37.1 


-  1.8 

-  1.7 
7.0 

-29.2 
-32  5 
-37.5 
-37.1 
-39.6 
-40.0 
-43.2 
-44.4 
-38.9 
-39.0 
-37.8 
-40.7 
-43.9 
-46  4 
-40  1 
-42.3 
-44.4 
25  5 
28.4 

-10.4 
-15.9 
-16  0 
-16  9 
-23  3 
-40  2 
-12  r, 
-23   I 


-26?0 
-2S  5 
-30.3 

-  5.4 

-  8.1 
-10.1 
-14.4 

14.0 

26.2 

31.6 

20.4 

6.0 

19 

15  2 

43.1 

37.9 

35.3 

2.0 


-14?7 


21.9 
21.9 
22.0 
19.6 
19.1 
14.9 
23.8 
12.4 
50.9 


-15.6 
-18.7 
-23.2 
-23.1 
-26.1 
-26.5 
-28.0 
-30.5 
-24  9 
-25.5 
-24  1 
-26  9 
-30.5 
-33.0 
-26.1 
-28.2 
30.5 
40.1 
42.8 

2.0 

-  3.1 

-  3  0 

-  3  9 
-10  2 
-28.7 
-.30  4 
-10  2 


48.9 
8.6 


22.9 
22.7 
25^4 
20.1 
24.3 
33.9 

-  2.4 

-  6.2 
-10.9 
-11.5 


-14.3 
-16.2 


-13.1 
-12.5 
-14.5 
-18.2 
-20.8 
-14.0 


40?9 


27.3 


11?8 


24?6 


15.6 


14.1 
15.7 


28.9 


41  ?9 


8.4 
6.0 


23.4 


-  1.0 


36.5 


10.8 


The  Rotation   Period  of  the  Sun 


83 


TABLE  I— Continued 


Pl-^te  Number 

Number 

Latitude 

Diurnal  Motion 

LONOITDDBS  ON  DaTS  OP  OBSERVATION 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

1013  (conl.) 

694 
695 
696 
697 
698 
()99 
700 
701 
702 
703 
704 
705 
707 

708 
709 
710 
711 
712 
713 

714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 
734 

735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
752 
753 
754 
755 

756 
758 
759 
760 

-12°0 
-14.8 
-12  0 
-14  0 
-10.9 
-17  <) 
-19.6 
-26.6 
-18.8 
-20  7 
-11.2 
-27.1 
-13.5 

18.4 

17.5 

8.8 

8  6 

6.0 

19.6 

15.9 

10  1 

19.5 

-28.1 

14.5 

16.0 

14  4 

17.0 

18.3 

17.5 

-19.2 

-17.8 

-19.4 

-14.6 

-15.8 

-20.0 

-23.6 

-20.7 

-20.8 

-15.9 

-  5.1 

-17.8 

-16.8 

-13.5 

-10.9 

18.8 

9.7 

-22.9 

-27.3 

14.6 

16.7 

22.7 

22.9 

25.6 

30.0 

-23.1 

-29.7 

-28.0 

14.4 

-28.9 

-50.8 

-45.5 

19.3 

-19.9 

20.6 

18.7 

14?42 
14  02 
14  66 
13.81 
14.66 
14.02 
13.27 
14.02 
14.02 
15.84 
14.02 
13.16 
13.70 

13.89 
14  39 
14.48 
14.18 
14.17 
14.54 

13.86 
14.47 
14.34 
13.74 
13.76 
14.14 
14  34 
14.40 
14.31 
14.24 
14.54 
14.65 
14.57 
14.24 
13  94 
14.21 
13.36 
14.22 
14.49 
13.84 
14.47 

14.89 
13.89 
14.39 
14.39 
14.09 
14.69 
14.50 
14.29 
14.29 
13.99 
14.29 
14.19 
14.79 
12.38 
13.79 
13.90 
13.70 
14.39 
14.46 
7.87 
9.78 

14.01 
14.01 
14.71 
13.89 

I3?47 
13  07 
13  71 

12  86 

13  71 
13  07 
12.32 
13.07 
13.07 
14.89 
13.07 

12  21 
12.75 

12.94 
13.44- 

13  53 
13  23 
13  22 
13.59 

12.91 
13  52 
13.39 
12.79 
12.81 
13.19 
13.39 
13.45 
13.36 
13.29 
13.59 
13.70 
13.62 
13.29 
12.99 
13  26 
12.41 
13.27 
13.54 
12.89 
13.52 

13.94 
12.94 
13.44 
13.44 
13.14 
13.74 
13.55 
13.34 
13.34 
13.04 
13.34 
13.24 
13.84 
11.43 
12.84 
12.95 
12.75 
13.44 
13.51 

6.92 

8.83 

13.06 
13.06 
13.76 
12.94 

-24?0 
-28  0 
-27.8 
-29  5 
-29.8 
-29.8 
-33.8 
-33.1 
-37.9 
-30.9 
—  42  2 
-25^0 
-39.5 

-34.2 
-39.3 
-20.7 
-23.2 
-21.9 
-14  9 

10.6 

11.3 

20.7 

12.9 

18.9 

4.4 

21.3 

1.3 

-15.1 

-17.1 

10.0 

10.2 

7.9 

4.1 

0.0 

0.5 

-  0.6 
-27.7 
-29.9 
-31.0 

-  4.9 

27.1 

25.6 

21.1 

9.5 

20.9 

22.1 

18.2 

18.6 

-37.9 

-37.1 

-40.1 

-42.4 

-44.9 

-40.0 

15.3 

16.8 

11.7 

11.4 

3.0 

28.0 

-  8.8 

-23.6 
12.8 
24.2 

22.8 

-11?9 
-15.8 
-15.0 
-17.5 
-17.0 
-17.6 
-22.3 
-20.9 

15?9 

-25.7 
-27.0 
-30.0 
-13.6 
-27.6 

23.0 
24.2 
34.0 
25.6 
31.2 
17.5 

1017 
June  18,  '04 

gKjgm 

-  7?3 

-11.2 

6.2 

3.7 

5.2 

13.0 

36.3 
38.2 

5.2 

1.8 
20.0 
17.0 
18.1 
26.2 

17?9 
15.0 
33.8 
30.0 

28  ?5 

39.9 

1025 
June  20,  '04 

10''10"' 

44.4 

34.6 
14.2 

-  1.2 

-  3.9 

27.8 
11.8 

41.5 
25.0 

23.5 

23.8 

21.2 

17.3 

12.9 

13.5 

12.1 

-14.1 

-16.1 

-18.2 

-8.7 

41.0 

38.5 

34.5 

22.9 

34.0 

35.8 

32.1 

31.9 

-24.6 

-24.1 

-26.8 

-29.2 

-31.1 

-28.6 

28.1 

30.0 

24.1 

24.8 

16.2 

34.9 

0.0 

-10.5 

35.0 

26.9 
24.1 

-  1.4 

-  2.8 

12.2 
10.7 

22.0 

1030 

June  21,  '04 

XQi^OO'" 

45.3 

42.7 
37.2 

30.0 

. 

1035 

June  22,  '04 

25.9 
38.0 
35.8 

9'>56°' 
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TABLE  1— Continued 


Nduber 

Latitcdk 

DiCBNAL  Motion                                        LoN'.irrnFs  on  Day8  of  Observation 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

1039 
June  23.  '04 
10''00"'5 

I 

1 

1051 

Julv  1,  '04 

9b2in. 

761 
76"' 

-24  ?0 
o-j    1 

13?93 
13.63 
14.43 
14.43 
14.84 
13.73 
14.23 
13.93 
14.13 
13.93 
13.93 
14.74 
14.13 
14.33 
14.43 
13. 53 
13.63 
14.13 
13.83 
13.73 
13.53 
13.93 
14.03 
14.13 
14.03 
13.93 
13.93 
12.32 
14.33 

12?98 
12.68 
13.48 
13.48 
13.89 
12.78 
13.28 
12  98 
13.18 
12.98 
12.98 
13.79 
13.18 
13.38 
13.48 
12.58 
12.68 
13.18 
12.88 
12.78 
12.58 
12.98 
13.08 
13.18 
13.08 
12.98 
12.98 
11.37 
13.38 

28?3 
31.7 
32.0 

-  5.5 
12.2 

-  1.6 
27.1 

-  4.7 
-10.9 

-  8.4 
-14.6 
-20.7 
-23.7 
-42.5 
-41.9 
-35.8 
-11.2 
-29.1 
-28.7 

0.5 

-  2.5 
23  2 

8,2 
25.0 
22  5 

8.8 
10  3 

-  1.2 
-13.0 

41?2 
44.3 
45.4 
7.9 
26.0 
11   1 

763  -19.7 

764  -17.6 

765  •'■'  * 

1 ■, 

766 
767 
768 
769 
770 
771 
772 
773 
774 
775 
776 
777 
779 
780 
781 
782 
783 
784 
786 
787 
788 
789 
791 
792 

27,7 

22.4 

19.6 

25  2 

16.8 

14.2 

13,5 

12.7 

22.1 

19.8 

17  1 

-15.9 

-20.6 

-22  9 

30.0 

37.7 

38.5 

-26.6 

23.0 

-23.6 

17.3 

12.3 

33  3 

-17.9 

40  3 

8.2 

2.2 

.      4.5 

-  1.7 

-  7.0 
-10.6 
-29.2 
-28.5 
-23.3 

1.4 
-16.0 
-15.9 
13.2 
10.0 
36.1 
21.2 
38.1 
35  5 

21.7 

23.2 

10.1 

0.3 

1054 

Julv  2,  '04 
9b]2>o 

1068 

793 
794 
795 
796 
797 
798 
799 
SOO 
801 
802 
HO:i 
804 
S05 
SOti 

.s()7 

SOS 

sou 

810 
■  811 

812 
813 

814 

815 
816 

HI7 

19  3 
23.6 
25.7 
17  2 
13.0 

15  4 

16  6 
112 
19.8 
29.2 
25.0 
16.8 
12  0 

17  9 
'       25  2 

12.6 

8.8 

-25  4 

-24  7 

-15  0 
8    1 

-16  2 
-12  S 

-  12  2 

-  Id  6 

14.56 
14.11 
14  32 
14.87 
14.66 
14.41 
14  .56 
14.05 
12  92 
12.41 
14  05 
14.87 
15.69 
14  87 
14  05 
14  34 
15.. 59 

12  92 

13  .54 

13  90 

14  65 

13  !t2 
14.48 

14  4S 
14.68 

13.61 
13.16 
13  37 
13.92 
13.71 
13.46 
13  61 
13  10 
11.97 
11.46 
13.10 

13  92 

14  74 
13  92 
13   10 

13  39 

14  (14 

1 1  97 

12  .J9 

12  95 

13  70 

12  97 

13  .53 
13  .53 
13.73 

-26.8 

-25.9 

-29.1 

-16.0 

-22.3 

-.30.2 

-.32.2 

-30.8 

5.5 

3.1 

7.2 

6.4 

12.8 

18  3 

21.6 

-37  3 

-21.  S 

23  1 

21 . 1 

-20  8 

-21    1 

3.1 

-  5.1 

-  8.2 
-13.9 

-13.5 
-12.9 
-16.0 

-  2.4 

-  8.9 
-16.4 
-18.9 
-18.0 

17  2 
14  3 

July  12,  '04 





13?0 
10  4 

111  -J 

23?9 

20.0 
20.0 
27.2 
31.9 
34  4 
-24.5 
-   7  5 

2.2 

34.8 
33,4 

11.9 
9.3 
0.2 
0  7 

1072 

4?8 

r.  1 

Julv  13.  '04 

•JO  i 

■yjl- 
1075 

July  15,  '04 

i:::::::: 

........ 

1 i 
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TABLE  I— Continued 


Plate  Number 
AND  Date 

Number 

Latitude 

Diurnal  Motion 

Lo 

KOiTODEa  ON  Days  or  Observation 

Sidereal 

Synodic 

1 

2 

3 

4 

6 

6 

7 

1075  (conl.) 

818 
819 
820 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 
831 
832 
833 
834 
835 
836 
837 
838 
839 
840 
841 
842 
843 
844 
845 

846 
847 
848 
849 
850 
851 
852 
853 

855 
856 
857 
858 
859 

860 
861 
862 
863 
864 
865 
866 
867 
868 
869 
870 
871 
872 
873 

875 
876 

877 
878 
879 
880 
881 
882 
883 
884 
885 

-15?6 

-16.5 

-25.6 

-24  4 

-20.5 

-29.4 

-31.8 

-25.6 

-21.5 

10.4 

19.6 

16.7 

12.0 

12.4 

16  5 

17.9 

16.5 

19.1 

19.5 

15.3 

19  6 

16  1 

35.2 

26.3 

15.5 

16.9 

18.9 

12.9 

13  8 
-25.1 

-  22  3 

-l9^5 

-19.9 
13.1 
15  3 
16.9 

-16.0 

-22  1 

-17.7 

10.3 

11.2 

11.2 
15.4 
17.2 
22  3 
20.1 
18.7 
22.7 
24.3 

-  6.8 

-  2.1 

-  1.1 
10.9 
13.3 

-13.3 

10.7 
12.0 
-17.8 
-24.4 
-16.0 
-21.3 
-19.3 
-26.0 
-25.0 
-22.1 

-  8.3 

14?21 
14.01 
14 .  58 
14.30 
14.59 
14.77 
15.42 
14  39 
14.48 
14.36 
14.26 
14.29 
12.60 
13.83 
13  92 
14.01 
14.39 
13.83 
13.73 
14.48 
14.48 
14.48 
13.54 
13  98 
14.01 

13  83 
13.73 
14.68 

13.95 
14.11 
13.95 
14.11 
14.06 
14.78 
13.95 
14.42 

14.61 

14  52 

13  74 
14.25 
14.55 

14.59 
13.91 
13.85 
13.96 
14.16 
14.23 
13.62 
14.38 
14.12 
14.88 

14  23 
14.08 
14.21 
14.58 

14.67 
14.88 
14.15 
14.68 
14.11 
14.20 
14.15 
13.33 
14.29 
14.06 
13.96 

13?26 
13.06 
13.63 
13  35 
13  64 
13  82 
14.47 
13.44 
13.53 
13.41 
13.31 
13.34 
11.65 
12.88 

12  97 
13.06 

13  44 
12.88 
12.78 
13,53 
13,53 
13  .53 

12  59 
13()3 

13  06 
12,88 
12.78 
13.73 

13  00 
13   16 
13  00 
13  16 
13.11 
13.83 
13.00 
13.47 

13.66 
13,57 
12.79 
13  30 
13.60 

13.64 
12.96 
12.90 
13.01 
13.21 
13.28 
12.67 
13.43 
13.17 
13.93 
13.28 
13.13 
13  26 
13.63 

13.72 
13.93 
13.20 
13.73 
13.16 
13.25 
13  20 
12.38 
13.34 
13.11 
13.01 

-12?9 
-18.0 
-19.1 
-12.1 
-10.5 
-26.9 
-32.0 
-26  8 
-25.0 

-  2.5 

-  8.8 
-13.5 

-  9.9 
-20.4 
-20.8 
-24.4 
-27.5 
-28.8 
-32.5 
-30.0 

22.8 

13.6 

22.5 

-22.8 

-  9.3 

-  6.S 
3.8 

18.3 

16.6 
-13.6 
-14.0 
-13.7 
-17.4 
-10.8 
-20.0 
-23.8 

-34.4 
-36.3 
-46.5 
12.5 
-32.4 

-24.8 
-11.9 

-  8.3 
-19.7 
-20.5 
-23.4 
-26.3 
-27.5 
-34.2 
-34.1 
-37.9 
-42.1 
-39.4 

31.4 

22.4 
4.2 

11.0 
4.5 

-  2.8 

-  0.2 

-  6.1 

-  2.7 

-  6.1 
-10.9 

-  2.8 

2?2 

-  4.1 

-  4.6 

-  2.1 
4.9 

-12.2 
-16.6 
-12.5 

27?3 

30.8 

-10.6 

12.0 

5.7 

1.0 

2.5 

-  6.7 

-  7.0 
-10.5 
-13.2 
-15.1 
-18.9 

38.0 
31.4 
26.8 

-15.7 

-  8.4 
28.0 
35.9 

-  9.5 
4.6 
6.9 

10.8 

16.4 

9.8 
32.9 

1085 

-11.1 
1.3 
4.1 

-  5.9 

-  7.2 
-10.3 
-13.0 
-14.1 
-20.7 
-20.2 
-24.0 
-29.0 
-26.3 

45.0 

35.7 

17.7 

23.8 

12.8 

9.5 

12.2 

6^7 

9.3 

6.7 

1.2 

9.6 

42  ?0 

12.1 

11.4 

12.0 

8.2 

16.2 

5.4 

2.5 

-  7.2 

-  8.8 
-21.0 

39.0 

-  5.3 

July  16,  '04 

10''20"' 

1089 

July  18,  '04 

9hl2m 

5.2 

17?9 

32  ?2 

1097 
July  20,  '04 

2  2 

14^1 

17.1 

5.9 

5.5 

17.0 
27.8 

ghQlm 

3.0 
-  0.4 

17.2 
12.3 

-  7.9 

6.7 

32.2 

-12.5 

3.0 

29.1 

-13.3 

1103 

July  21,'  04 

1 

8''58'° 

32.9 
24.4 
27.2 

21.5 
16.2 
24.1 
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TABLE  I— Co„> ••'•>•,! 


NCMBER 

Latiti'de 

DlUBNAl 

Motion 

Lo.NGlTUDES  ON   DaTB  OF  OoSERVATION 

AND  Date 

Sidereal 

Synodic 

1 

:! 

4 

5 

6 

7 

1103  (com.) 

886 
SS7 
888 
889 
890 
891 
892 
893 

894 
895 

S96 
897 
898 
899 

900 
901 
902 
904 
905 
906 
907 

903 
90S 
909 
010 
911 
912 
913 
914 
915 
916 
917 
918 
919 
920 
021 
022 
923 
924 
925 
926 
927 
iris 
(120 
(•30 
031 
032 
933 
934 
935 
936 
937 
038 
039 
940 
041 
942 
943 
944 
"|- 

-  6?6 
-21  2 
-15.9 

-  8  0 
11.6 
13.9 
17.8 
23.2 

—21  2 
"l.6 

23.7 
-10.9 
-17.8 

21.4 

-19.0 
24.5 

-16.7 

-21.0 
29  1 

-20.8 
27.4 

-15.3 
18.8 
19.6 
17.6 

12  1 

13  7 
9.0 

17  2 

20.4 

22  6 

17.7 

17.7 

24  5 

24.8 

16.0 

18.8 

18.5 

15,7 

-22  5 

-19  6 

-22  1 

-28.1 

-26.9 

-23.8 

-24.8 

-19.8 

14  8 

14  0 

15  7 
-18.5 
-31  2 
-30  5 
-25.8 
-20  5 

9  0 

-18  5 

-19  0 

-18.5 

IC  s 

14?05 
14  05 
14. 56 
14   15 
14.14 
14  44 
13.90 
13.59 

14  33 
14  60 

13.81 
13.67 
14.03 
13.81 

13.84 
13.80 
14..i6 
14.19 
13.51 

13  62 
13.70 

14  13 
14  43 
14.63 
14  73 
14.. 53 

13  .W 
14.13 
13.83 
14.43 
14.23 
14.03 
14.63 

14  23 
13.13 
14  43 
14.23 
14.13 
14.33 
14  .53 
14.13 
14. 53 
13.93 
14.6.3 
14.43 
14.  a3 

14  03 

15  73 
14  73 
14  63 
14  23 

12  s;{ 

14  03 

13  83 

14  23 

15  23 

15  23 
15  .33 
14  .33 
13  73 

13?I0 
13   10 
13  61 
13  20 
13.10 
13.40 
12.95 
12.64 

13.38 
13.65 

12.86 

12  72 

13  OS 
12.86 

12.88 
12.84 
13.60 
13  23 
12. 55 
12  66 

12  S3 

13  17 
13  47 
13  67 
13  77 
13. 57 

12  .57 

13  17 
12.87 
13  47 

13  27 
13.07 
13.67 

14  27 

12  17 

13  47 
13  27 
13.17 
13. 37 
13  .57 
13  17 
13  .57 

12  (17 
13.67 

13  47 
13  07 

13  07 

14  77 
13  77 
13  67 
13  27 

11  S7 
13()7 

12  87 

13  27 

14  27 
14  27 
14  37 
13  37 
12  77 

-  6?7 
-IS. 7 
-25  3 
-26.8 

-  7.2 
-12  0 
-17  0 
-19,0 

20  0 
-11.0 

13.9 

1.4 

-24.5 

19.8 

1.2 

-28.5 
-48.5 
-44.5 
-3S  0 

-  2.0 
-38.4 

-24.3 

8.5 

7.3 

7.0 

24.9 

17.9 

-113 

-  1.0 

-  0.3 
0  6 

-  4.0 

-  7.5 
-15  6 
-18.2 

3.8 

2.5 

-21.3 

-20  2 

-15.4 

-16  0 

-21   0 

-26  0 

-31   () 

-20.5 

-35  5 

-30.0 

-25  3 

-36  7 

-36  7 

-30  0 

2'*  (1 

I7  S 

14  0 

6.4 

-2.5  5 

-23  0 

-2.5    1 

-13  2 

-  SI 

or.' 

-  6  0 
-12.1 
-14.0 

6.0 

-  0.1 

-  4.3 

-  6.2 

34.7 
4.0 

-11   1 
22.0 
21.0 
20.8 
38.5 
30  5 

20?4 

20.1 
15.0 

9.8 

32  ?2 

lies 

July  22.  '04 
8''14'° 

1113 

39.2 

26.4 

1.3 

45.1 

'^6.3 
-  3.6 
-22.0 
-18.6 
-13,5 
22.5 
-13.2 

Julv  ''3   '04 

i0''37° 

26.8 

1118 

39?0 
9.2 

-  8.6 

-  5.7 

-  1.2 

Julv  25  '04 

'9''49» 

-  0.8 

11'^' 

Julv  27   '04 

'S''15" 

1.9 

11.9 

13.2 

13.9 

9.1 

6.2 

-  2  3 

-  6.0 
17.3 
15.8 

-  8.1 

-  6.8 

-  1.8 

-  3.7 

-  7.4 
-13.0 
-17  3 
-16  0 
-22  4 
-25  9 

-10  5 

-22  0 
-23() 
-16  7 

34   S 

30  0 

26  0 

10  7 

-112 

-   0  6 

110 

(1  2 

1    7 

* 

11.30 

July  28,  '01 
8'Ih 
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TABLE  1— Continued 


Plate  Number 

Number 

Latitude 

Diurnal  Motion 

LONOITDDES  ON  DaYS  OK  OBSERVATION 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

6 

7 

1142 

946 
947 
948 
949 
950 
951 
9.52 
953 
954 
955 
956 
958 
9.59 
■     960 
961 
962 
963 
964 
965 
966 
967 
968 
969 
970 
971 
972 
973 
974 
975 
976 
977 
978 
979 
980 
982 
983 
984 
985 
986 
987 
988 

989 

990 

991 

992 

993 

996 

997 

998 

999 

1000 

1001 

1002 

1003 

-24?3 

-17.1 

-21.1 

-18.7 

-16.4 

-24.7 

-19.1 

-20.0 

-14,7 

-21.3 

-20.6 

10.8 

13.7 

16.7 

11.2 

18.8 

14.2 

16.3 

18.9 

19.7 

22.6 

10.4 

14.3 

17.2 

25.5 

30.5 

18.4 

12.5 

28.4 

29.8 

31.8 

37.1 

.50.0 

40.6 

15.1 

12  1 

11.7 

11.9 

-26.3 

14.1 

-  4  6 

-15.7 
19.7 
22.1 
19.6 
13.2 
10.7 
19.7 
21.7 
22.2 
17.7 
11.1 
14.0 

-14.6 

13?05 
13.87 
13.65 
13.07 
13.. 55 
13.25 
13.45 
13.95 
13.45 
14.12 
13.87 
14. 55 
13.65 
13.95 
13.72 
14.12 
13.87 
13.62 
13.72 
14.27 
13.92 
13.77 
13.87 
15.15 
14.57 
13  62 
14.17 
14.22 
13.65 
13.65 
13.45 
12.45 
11.14 
12.85 
13.25 
13.77 
14.25 
14.37 
12.55 
13.62 
13.55 

12.89 
13.50 
13. 50 
14.60 
14.20 
13.70 
14.00 
14.40 
13.90 
13.70 
14.50 
13.50 
13. 30 

12?09 
12.91 
12.69 
12.11 
12. 59 
12.29 
12.49 
12.99 
12.49 
13.16 
12.91 
13. 59 
12.69 
12.99 
12.76 
13.16 
12.91 
12.66 
12.76 
13.31 
12.96 
12.81 
12.91 
14.19 
13.61 
12.66 
13.21 
13.26 
12.69 
12.69 
12.49 
11.49 
10.18 
11.89 
12.29 
12.81 
13.29 
13.41 
11.59 
12.66 
12. 59 

11.93 
12.. 54 
12. 54 
13.64 
13.24 
12.74 
13.04 
13.44 
12.94 
12.74 
13.54 
12. 54 
13.34 

-  4?0 

-  7.9 

-  11.0 

-  18.0 

-  14.4 
29.7 
31.6 
23.5 
22.8 
20.1 
17.2 
31.1 
33.9 
30.3 

5.0 
4.5 

-  0.3 

-  1.8 

-  0.5 

-  4.3 

-  6.8 

-  3.5 

-  9.7 

-  8.6 
-14.3 
-15.2 
-18.5 

-  3.8 
2.2 
1.2 
0.2 
0.5 
5.7 

21.0 
-33.2 
-35.1 
-40.3 
-42.0 

15.3 
-42.1 
-15.7 

-  5.1 
-18.3 
-20.0 
-24.9 
-27.8 

-  1.4 

-  1.2 

-  0.6 
1.2 
1.5 
6.5 
6.8 
7.5 

8?1 
5.3 
1.7 

-  5.9 

-  1.8 
42.0 
44.1 
36.5 
35.3 

Aug.  1,  '04 

17?9 

8''32'?5 

6.2 

33.3 

30.1 

44.7 

46.6 

43.3 

18.5 

17.6 

12.4 

10.9 

12.2 

8.7 

6.4 

9.4 

3.3 

5.6 

-  0.7 

-  2.7 

-  5.7 
9.4 

14.9 

13.9 

12.7 

12.0 

15.9 

32.9 

-20.9 

-22.4 

-27.0 

-29.3 

26.9 

-29.9 

-  3.1 

6.8 

-  5.8 

-  7.5 
-11.3 
-14.6 

11.3 
11.8 
12.8 
14.1 
14.2 
20.0 
19.3 
20.8 

46.4 
43.0 

30.5 
30.8 
25.5 
23.5 
25.0 
22.3 
19.1 
22.1 
16.1 

12.9 

10.1 

7.9 

22.7 

-  9.5 

-15.2 

-16.8 

1147 

Aug.  2,  '04 

8''34° 

1154 

Aug.  3,  '04 

8''30"' 

1160 

1004 
1005 
1006 
1007 
1008 
1009 
1013 

6.7 
12.4 
24.8 
28.4 
28.2 
26.0 
25.9 

15.43 
14.68 
13.32 
13.87 
14.02 
14.02 
13.63 

14.47 
13.72 
12.36 
12.91 
13.06 
13.06 
12.67 

-42.9 
-41.1 
-23.8 
-25.1 
-30.1 
-32.1 
21.3 

-14.1 

-13.8 

0.8 

0.6 

-  4.1 

-  6.1 
46.5 

Aug.  6,  '04 

9''32"> 
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T.V13LK  1— Continued 


Plate  NrvBER 

V,   v.»r. 

I    «fi-ri.pE 

DiURNAt 

Motion 

Longitudes  on  D 

AND  Da:! 

Sidereal 

.Synodic 

1 

2 

3 

4 

5 

6 

7 

1160  (cont.) 

iiiiiiiiiii  11  iliiiiiiiiiiiiiiiliiiiiiiiiiiiiliiii  iiiiiiiiiiiiiili 

29  ?3 

23  5 
22.2 
25  5 

24  4 
20.3 

8.9 
30.3 
32  5 
10    1 
20 ,  s 

18.9 
20.9 

10  0 
7.0 

15  3 
119 

11  0 
10  5 
11.0 

10  7 
6  7 
0.6 

15  1 

16  S 

18  8 

19  1 

17  (t 
23  2 
14   5 
17  8 
14  3 

-10  2 
-10   1 
-20  3 
-22   1 
-23.9 
-14  0 
-10  2 

-  8  0 
-15  0 
-17  2 
-17  3 
-11  7 
-10.5 
-12  5 
-15  2 

-  8  3 
2  0 

20  8 

11  2 
10  0 
10  7 
14  0 
19  7 
22  '1 

-17  0 
-l.S  s 
-22  3 
-10  3 
-19  0 
-13   4 
-11   5 
-23  3 
.35  2 

13?17 
14.()3 

12  (i2 

13  87 
13  .32 

13  27 

14  48 
13.87 
13.47 
14.83 
13.67 

14.02 
14.05 

14. 52 
14.32 
14.42 

14  42 

15  (t2 
14  .52 
14.42 
14.22 
14  .52 
14  82 
14  37 
14  22 
14   77 
14()3 
14  32 
14    12 
13  83 

12  01 

13  81 

13  ,8.3 

14  22 

13  98 

14  27 
14  77 
14  (12 
14  82 
14  92 
14   13 
14  27 
14  .52 
14  ()l) 
14  (>2 

14  .52 

15  .56 
14  67 
14  .32 

14  83 
14   72 
14   14 

13  75 

14  23 

15  12 

13  20 

14  0.3 
14  .53 
14  04 
14  03 
14   43 

12  H7 
14   1)1 

13  75 
13    II. 

12?21 
13 .  67 
11.60 
12.91 

12  36 
12.31 
13.52 
12.91 
12.51 
13.87 
12.71 

13.06 
13.09 

13. 55 
13.35 
13.45 

13  45 
14.05 
13. 55 
13  45 
13  25 
13. 55 
13  85 
13  40 
13  25 
13  SO 
13.00 
13  .35 
13.15 
12  SO 

1 1  04 

12  84 
12.86 
13.25 

13  01 
13  .30 
13.80 
13.65 
13.85 
13  95 
13   16 
13  30 
13  .55 
13.0.3 
13  05 

13  .55 

14  .59 
13  70 
13  35 

13  80 
13  75 
13  17 

12  78 

13  20 

14  15 

12  29 

13  0() 
13  .50 
13  07 
13  60 
13    to 

11  90 
13  07 

12  78 
12    I'l 

15?0 

10.4 

5.0 

5.2 

4  0 

2.8 

-47.4 

-31.0 

-36.3 

-43.6 

-19.8 

-20.9 
-22.2 

27.2 

21.9 

21  9 

15.7 

12.8 

9.8 

7.3 

3.9 

S,8 

0  5 

13.9 

13  0 

10.9 

6.6 

3  9 

-10.0 

-27  3 

-25.4 

-21.7 

-  6  7 
-10.4 
-12.2 
-16.9 
-14.8 
-24.9 
-25.1 
-27  6 
-28.4 
-29  4 
-31  5 
-32  0 
-33.8 
-35  4 
-36.6 
-31.3 

6  1 

-35  7 

32  4 

25.0 

24  0 

6.3 

-  19 
13  6 
23  5 
28.0 
26.5 

-  6  1 

-  7.8 
-41  0 
-44  2 
-23  9 

TA   •_' 

'       39?3 

,       37.0 

28.2 

1 

30  9 

•'8  6 

27  A 

1 

-20.5 

-   5.9 

-11.4 

-16.0 

5.1 

43?3 

1107 

18?0 
16.8 

Aug.  8,  '04 
1173 

40?7 
35.2 
35.3 
28.9 
26.8 
24.0 
20.9 
17.1 
22  3 
14  3 
27  5 

•^ 

.\ug.  11,  '04 

SMo^S 

42.9 

.37.2 

34.5 

30.7 

28.5 

41  0 

2()  .1          39  8 

24.5 

38.8 

20.0 
17.5 

-  2.9 
-14.8 
-13.8 

-  8.9 
6.3 
2.8 

33.0 
30.9 

-   1.3 

19.9 
16.4 

0.9 

14  1 

-  3.8          io  (') 

-  1.1           13.1 
-11.7,         27 



-115 
-13.7 
-15.2 
-10.0  ' 
-18  3 

2  9 

0.6 
—    1   8 

-  2  5 

-  4  1 

-18.4       -    4  5 
-20  7      -  0  2 

-22.7       -   8  0 
-22.7      -  7.1 
-17.8       -   3  6 
19  4 

1182 

-21.5 

Aug.  12,  "04 

46.5 

38.5 

37.1 

19.9 

12.6 

26.2 

.37  5 

41.9 

39.9 

7.9 

6.0 

28.8 

-30.8 

-10.8 

45  7 

SMl- 
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'l'.\BI.E  I     Continued 


Plate  Numbeh 

Number 

Latitude 

Diurnal  M. 

LONOITUDEB 

ON  Days  ok  Obbebvation 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

a 

7 

1187 
Aug.  13,  '04 
9'' 17'" 

1207 
Aug.  23,  '04 
8''59"' 

1084 
1085 
1086 
lO.SS 
10S9 
1090 
1091 
1092 
1093 
1094 
1095 
1096 
1097 
1098 
1099 
1100 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
1109 
1110 

nil 

1112 
1113 
1114 
1115 
1116 
1117 
1118 
1119 
1120 
1121 
1122 

1123 
1124 
1125 
1126 
1127 
1128 
1130 
1131 
1132 

1133 
1134 
1135 
1136 
1137 
1138 
1139 
1140 
1141 
1142 
1143 
1144 
1146 
1147 
1148 

8°7 

11.5 

11,3 

20.4 

IS.  6 

20  9 

18,8 

22.8 

21.1 

20  1 

19.6 

22  1 

11.7 

12.1 

16.0 

18.3 

9.5 

11.5 

14,7 

-23,0 

-23,6 

-25  5 

-22,1 

-27.3 

-24.2 

-27.1 

-16.1 

-17.7 

-14.8 

-12.9 

28.0 

32,0 

30.5 

33.9 

37.1 

-18.5 

-20.1 

-23.1 

16.4 
16.4 
27.5 
10.9 
33.5 
36.4 
15.7 
23.9 
-  5.7 

18.7 

24.0 

11.4 

13.1 

14.2 

23.8 

32.0 

35.9 

40.1 

-17.6 

-22.1 

-21.4 

-13.7 

-14.4 

9.3 

I4?65 

14.10 

14.35 

14.60 

14.95 

13.98 

14,50 

14.02 

14,28 

14.34 

14.02 

14.88 

14.80 

14.47 

14,36 

13.89 

14,87 

14.11 

14.30 

14,88 

13.90 

13,59 

14.11 

13.68 

13.99 

13.95 

13 ,  64 

14.69 

14.48 

13.95 

14.15 

14,36 

14.47 

14.77 

14.05 

14.03 

14.54 

13.87 

13.94 
13.45 
13.85 
14.40 
13.26 
12.62 
14.50 
13.94 
15.03 

14.47 
13.57 
14.87 
14.07 
14.37 
13.97 
13.27 
12.37 
11.47 
14.67 
14.27 
14.77 
14.77 
14.37 
14.77 

13?68 

13   13 

13  38 

13  63 

13,98 

13  01 

13,53 

13  05 

13,31 

13.37 

13  05 

13,91 

13.83 

13.50 

13.39 

12.92 

13.90 

13.14 

13.33 

13.91 

12  93 

12.62 

13,14 

12,71 

13,02 

12.98 

12.67 

13.72 

13.51 

12.98 

13.18 

13.39 

13.50 

13.80 

13.08 

13.06 

13.57 

12.90 

12.97 
12.48 
12.88 
13.43 
12.29 
11.65 
13.53 
12.97 
14.06 

13.50 
12,60 
13,90 
13,10 
13,40 
13.00 
12  30 
11.40 
10.50 
13.70 
13.30 
13.80 
13.80 
13.40 
13.80 

7?0 
4.9 
2.0 
8.5 
5.3 
3.9 
1.3 
0.1 

-  7.6 

-  9.8 
-14.1 
-16.6 
-15,9 
-18.9 
-20  2 
-24,0 
-21,2 
-25.0 
-25.8 
-17,0 
-20.6 
-22.0 
-24.9 
-28.1 
-28.5 
-32.0 

30.7 
-37.3 
-35.3 
-35.7 
-22,8 
-27.7 
-26.0 
-29.9 
-28.1 
-44.1 
-42.1 
-42.8 

5.9 

-  6.0 
-11.8 

18.0 
-22.8 
-23.5 
-42.3 
-38.8 
-16.3 

13.5 
16.4 
8.9 
6.9 
4.8 
4.1 

-  0.9 
-15.5 
-19.2 
-23.2 
-27.4 
-31.7 
-35.1 
-39.5 
-42.0 

20  ?3 
17.5 
15.4 
21.9 
18.3 
17.2 
14.9 
13.4 
5,1 
3.4 

-  1.5 

-  3.1 

-  2.0 

-  5.8 

-  7.2 
-11.2 

-  7.3 
-12.2 
-12.9 

-  3.5 

-  7.4 

-  8.6 
-12.0 
-15.0 
-16.0 
-19.4 

43.0 
-24.1 
-22.0 
-22.9 
-10.0 
-14.7 
-12.9 
-16.5 
-15.4 
-31.0 
-29.2 
-30.0 

19.1 

6.7 

1.0 

31.8 

-10.4 

-11.7 

-28.6 

-25.6 

-  2.0 

27.0 
29.0 
22.8 
20.0 
18.2 
17.1 
11.4 

-  4.1 

-  8.7 

-  9.5 
-14.1 
-17.9 
-21.3 
-26.1 
-28.2 

33  ?9 
31.0 
29.0 
35.6 
32.4 
30.4 
28.5 
26.4 
18.6 
16.9 
11.5 

48  ?0 

42,0 

47.1 
42.8 
41.8 
39.2 
32.2 
30.2 
25.0 

11.6 

1.7 
9.7 
1.1 
0.8 

14.7 
19.4 
14.3 
14.0 

4.7 
3.1 
1.0 

-  2.1 

-  2.7 

18.4 

14.5 

9.9 

10.4 

-10.7 

-  8.3 

-  9.9 

3.9 

5.0 

-17.9 
-15.5 
-17.0 

-  5.0 

-  1.5 

-  4.2 

1218 
Aug.  24,  '04 

8''16"'5 

14.2 

45.1 

2.0 

0.0 

-15.0 

1234 
Aug.  25,  '04 
8''41'!'5 
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P  V  B  L  I  C  A  T  1  O  N  S     OK    THE     Y  E  H  K  E  S     OBSERVATORY 


M.i^  I — Continued 


NUUBEB 

Latitude 

DlOBNAL  &l0T10N 

l.ONOITUDEs 

r 

Obsbbvation 

AND  Date 

Sidereal 

Synodic 

1 

2 

1 

.5 

6 

7 

1234  (com.) 

1119             15?5 
1150            •:<  "I 

14?37 
13.  S7 
14.47 
14  37 
13.87 
12.57 

13?40 
12.90 
13.50 
13.40 
12.90 
11.60 

-40?9 
-44.5 
-45.1 
-47.5 
-13.0 
-  8.0 

-27?5 
-31.6 
-31.6 
-34.1 
-  0.1 
3.6 

1151 
1152 
1153 
1154 

11  2 

13  3 

-21.7 

-21.4 

1244 

Aug.  26,  '04 

S''42'» 

1'''66 

1155 

-•'.«  n 

14.73 
14  1)3 

13.75 
13  65 

5.1 
0.9 

-  2.1 
0.0 

-  2.6 

-  9.4 

-  5.3 
13.5 
23.9 
24.1 
29.3 
30.8 

6.0 

7.4 

2.5 

28.0 

30.0 

33.8 

33.6 

33.9 

21.3 

20.5 

15.2 

11.7 

23.8 

-15.1 

-29.5 

-31.8 

-35.0 

-38.9 

-36.0 

-38.2 

32.4 

27.8 

18.2 

13.9 

9.8 

12.5 

10.0 

3.8 

7.8 

25.8 

35.1 

37.3 

41.9 

43.0 

19.1 

20.8 

15.3 

41.9 

42.9 

46.0 

46.0 

46.8 

34.2 

33.5 

27.1 

24.3 

36.2 

—  2  2 

-16^9 

-19.0 

-22.3 

-25.6 

-23.6 

-23.8 

46.5 

40.0 

Sept.  9,  '04 
10''35~ 

1156         -26  6 
11. ^7         -25  2 

ll.is         --Jl    7 
11.-)<I          -IS  U 
1100          —18   4 

13  47          I'i  49 

14.10 
14.20 
14.84 
14.73 
13.89 
12.74 
14.84 
14  20 
13.78 
14.73 
15.04 
14.42 
15.57 
14  52 
13.78 
13.99 
14.52 
14.52 
14.63 
13.47 
14.20 
13.99 
14  52 

13.12 
13.22 
13.86 
13.75 
12.91 
11.76 
13.86 
13.22 
12.80 
13.75 
14.06 
13.44 
14.59 
13.54 
12.80 
13.01 
13.54 
13.54 
13.65 
12.49 
13.22 
13.01 
13  .-)4 

■ 

.     .  . 

1161 
1162 
1163 
1164 
1 1 65 

-18.7 
-13.1 
-21.5 
-10  4 

11(H)        —in  6 

1167 
1168 
1169 
1170 
1171 
1172 
1173 
1174 
1175 
1176 
1177 

-12  1 
-10  4 
-17.1 
12  4 
17.7 
19  9 
17.7 
13.9 
17.8 
19  8 
17  (t 

117S            16.9 

1179  '    -  3.3 

1180  ,   -29.6 
llSl         --^7  <t 

14  20          13  •'•-' 

1182 
1183 
1184 
11S5 
1186 
1187 
1188 

-32.0 
-32.3 
-28.5 
-28.3 
-  7.0 
24  4 
26,5 

14.42 
14  31 

13.44 
13  33 

14  94          13.96 
13.99          13.01 
16.0!)          15.11 
15.78          14.80 
13.78          12.80 

- 

1270 

Sept.  10,  '04 
9W7»  ■ 

1190 
ll'.il 
1192 
1193 
1191 
1195 
1196 
1197 
1I9S 
1 199 
12(K) 

1201 

IJ02 

1      f.'03 

'    r.'oi 

3:>  0 

1294 

119 

-18.5 

-25  4 

12   1 

30.7 

31   H 

20  9 

-20  0 

-20  5 

14  2 

-17  3 

-25.8 
-24.4 
-25  4 
-21   0 

14  52 

1.-!  .-,:: 

-  8?3 
39.7 
37.3 

-  5.2 
48  .3 

20?4 

Sept.  29,  '04 
11''26"'5 

14.73           13  71 
14    10           13    11 
13  S9           12  90 

13.5 

12.3 

-29.8 

25.0 

22.7 

29.2 

16.5 

20.4 

-45.6 

-  0.0 

-2,3.8 
-26  4 
-27   1 

13.21 
13.58 

13  94 

14  12 

14  25 
13  74 

13  52 

15  01 
M  95 

14  76 

12  22 
12  59 

12  95 

13  43 

13  26 
12.75 

12  5:1 

14  ()2 

13  mi 

\A  77 

46  7 
4H  9 

42   1 

45  7 

-21   3 

17  9 

4.S 
2.1 

1  (1 
3.1 

1295 

Oct.  r  04 

9''12»S 

11   95      1      13  M 

-25    1 

' 

T II  K   Rotation   Pkhiod   of  the   Sux 
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T.M'.i.i:  T    r.,„i;„,„,i 


Plate  Number 

Number 

Latitude 

Diurnal  Motion 

LONGITUOES 

3N  Days  of  Observation 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

G 

7 

1295  {conl.) 

1205 
1206 
1207 
1208 
1209 

-26?3 

-24.5 

14.6 

16.4 

19.2 

13?88 
13.83 
14.02 
12.90 
13.44 

12?S9 
12., S4 
13.03 
11.91 
12.45 

-32?3 
-34.2 
-35.5 

-37.8 
-40.5 

-  6?0 

-  8.0 

-  8.9 
-13.5 

-15.1 

1301 

Oct.  3,  '04 

lOMl"' 

• 

1311 

1211 

1212 

1213 

1214 

1215 

1216 

1217 

1218 

1219 

1220 

1221 

1222 

1223 

1224 

1225 

1226 

1227 

1228 

1229 

1230 

1231 

1232 

1233 

1234 

1235 

1236 

1237 

1238 

1239 

1240 

1241 

1242 

1243 

14.2 

15.5 

16.2 

18.4 

17.6 

18.9 

16.8 

19  3 

21.1 

21.6 

16.1 

21.8 

-19.4 

-16.9 

-16.5 

-15.1 

-18.1 

-20.9 

-22.3 

-14.7 

-22.5 

-20.5 

-23.5 

25.2 

22  7 

20^8 

25.4 

-  9.0 

21.3 

17.4 

-15.1 

-12.8 

-17.2 

14.65 
14.35 
14.45 
14.45 
15.05 
15.65 
13.84 
13.84 
14.65 
14.75 
15.75 
14.35 
14.55 
14.15 
13.64 
15.05 
13.74 
14.75 
14.35 
13.84 
14.15 
13.34 
13.14 
14.75 
14.35 
13.44 
14.45 
14.35 
13.84 
14.35 
13.24 
14.95 
15.05 

13.66 
13.36 
13.46 
13.46 
14  06 
14.66 
12.85 
12.85 
13.66 
13.76 
14.76 
13.36 
13.56 
13.16 
12.65 
14.06 
12.75 
13.76 
13.36 
12.85 
13.16 
12.35 
12.15 
13.76 
13.36 
12.45 
13.46 
13.36 
12.85 
13.36 
12  25 
13.96 
14.06 

30.2 
31.8 
29  9 
32.0 
27.9 
25.3 
25.3 
24.0 
25.8 
21 .2 
16'5 
7.9 
29.0 
31.2 
15.1 
16.4 
18.0 
14.0 
11.5 
13.7 
4.7 
4.5 
0.0 

-  9.2 

-  6.0 
-14.7 
-15.9 

7.6 

-10.8 

7.9 

-  4.2 

-  2.0 
-11.4 

4358 
45.1 
43.3 

Oct.  6,  '04 

gi-SO"' 

45.4 
41.9 
39.9 
38.1 
36.8 
39.4 
34.9 

1 

31.2 
21.2 
42.5 
44.3 
27.7 
30.4 
30.7 
27.7 
24.8 
26.5 
17.8 
16.8 
12.1 
4.5 
7.3 

-  2.3 

-  2.5 
20.9 

2.0 
21  2 

8^0 
11.9 

2.6 

.... 

1314 

Oct.  7,  '04 

9''33» 

1318 

1245 
1246 
1247 
1248 
1249 
1250 
1251 
1252 
1253 
1254 
1255 
1256 
1257 
1258 
1259 
1260 
1261 
1262 

13.8 

19.1 

17.4 

24.0 

22.8 

13.0 

15.6 

17.1 

18.9 

18.0 

21.2 

-24.7 

-21.2 

-17.2 

-17.3 

-19.8 

-24.5 

-24.0 

13.69 
14.43 
14.27 
14.31 
14.33 
14.53 
13.94 
14.08 
14.11 
14.33 
14.01 
14.98 
14.56 
14.07 
14.16 
14.07 
13.99 
14.19 

12.70 
13.44 
13.28 
13.32 
13.34 
13.54 
12.95 
13.09 
13.12 
13.34 
13.02 
13.99 
13.57 
13.08 
13.17 
13.08 
13.00 
13.20 

18.5 

-  4.8 

-  8.3 
-11.1 
-13.7 
-20.5 
-22.1 
-20.1 
-19.7 
-36.1 
-24.2 

-  4.9 

-  9.1 
-12.0 
-15.5 
-19.3 
-26.6 
-29.8 

44.1 
22.3 

18.5 

Oct.  15,  '04 

9 '■22"' 

16.3 
13.5 
6.4 
4.1 
6.0 
6.8 

-  9.2 
2.1 

21.9 
18.2 
13.9 
11.0 
6.7 

-  0.1 

-  2.6 

29  ?0 
26.5 
20.5 

17  0 
19.5 
19.9 

15.1 
37.7 
31.9 
27.6 
24.3 
20.3 
12.6 
9.9 
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TABLE  l—CorUinued 


NrUDER 

L.\TITDOE 

Diurnal  Motion 

LONOITCDEB  ON  DaTB  OF  OBSERVATION 

AND  DaTS 

Sidereal 

Syno<li' 

2 

3 

'4 

5 

G 

7 

1318  (eont.) 

1263 
1264 
1265 

1266 
1267 
1208 
1209 
1270 
1271 
1272 
1273 
1275 
1270 
1277 
127S 
1279 
12S0 
1281 
1282 
1283 
1284 
1285 
12S6 

-18?8 
-20.5 
-25.8 

-22.6 
-25.7 
-24.8" 
-24.4 
25.2 
25.0 
17.6 
IS  2 
-30.0 
-28.2 
-33.8 
-33.0 
-25.9 
-22.3 
-21.3 
-18.3 
-13.8 
-22  9 
-20.0 
-23  7 

14?34 
14.40 
14.24 

14.05 
14.85 
16  35 

13?35 
13.41 
13.25 

13  00 
13  SO 
lA  !i(; 

-35?1 
-36.0 
-40  0 

1.1 
1.2 
19.4 
17.0 
-  5.9 
-10.7 
-18.5 
-23.1 
-13.8 
-16.0 
-16.1 
-17.9 
-22.8 
-26.9 
—22  2 
-29:7 
-24.0 
-34.6 
-38.0 
-39.2 

14?2 
15.1 
34.8 
31.8 
7.0 
2.3 

-  5.5 

-  9.1 

-  0.5 

-  3.1 

-  2.8 

-  4.8 

-  9.1 

-  12  2 

-  8^5 
-15.7 
-11.1 
-20.9 
-24.7 
-26.6 

-  7?8 

-  9.2 
-13.3 

5?1 
4.6 
0  0 

1324  . 
Oct.  17,  '04 

15  75          '■'  "'< 

13.85 
13.95 
13.95 
14  95 
14.25 
13.85 
14.25 
14.05 
14.65 
15.65 
14.65 
14.95 
13.85 
14.65 
14.25 
13  55 

12.86 
12.96 
12.96 
13.96 
13 .  20 

12  SO 

13  20 
13  (Hi 
13  00 
14.00 
13.06 
13.96 
12.86 
13.66 
13.26 
12  50 

• 

1329 

Oct   18  '04 

9i>oO°' 

14   17     '     i:-!  17 

1336 

1287 
1288 
12.S9 
1290 
1291 
1292 
1293 
1294 
1295 
1290 
1297 
1298 
1299 
13(X) 
1301 
13(r_' 
1303 
1304 
130.'. 
1300 
1307 
1308 
1309 
1310 
1311 
1312 
1313 
1314 
1315 
1316 
1317 
1318 

—  18  9 

31.0 

31.4 

20.1 

21.3 

20.3 

18.2 

22.2 

12.1 

9.3 

8.4 

5.1 

2.1 

-  OS 

-  1.0 
9  6 

12,9 
15  3 

-11.1 
15.6 
19.8 
15.5 

-15.3 

18  9 

23  8 

8,4 

115 

5  9 
8  () 

18  2 

22.5 

0  9 

0.8 

-  10 
-12.7 
-10.5 

6  1 
5  1) 

-284 

44.3 
40.6 
33.5 
34.9 
32.9 
31.0 
34.6 
24.9 
22.0 
21.8 
18.5 
15.0 
111 
11  3 

Oct  26  '04 

-15.0 

-16.3 

-22.8 

-24.7 

-25.5 

-28.8 

-22.8 

-22.9 

-20  1 

-27  9 

-26.8 

-28.0 

-22.7 

-16.4 

-15  5 

-17.1 

-33.0 

12  0 

15.1 

32  8 

-30.S 

34.2 

33.1 

•'8  5 

15.06 
14.27 
14.47 
13.59 
13.94 
13.44 
14.03 
14.08 
13.74 
14.27 
14  43 

14.00 
13.27 
13.47 
12 .  59 

12  94 
12 .  44 

13  03 
13.08 
12 .  74 
13.27 

91,4  im 

45.5 
44.1 
47.1 
38.2 
35.5 
30.9 

28.9 
24.2 

42.3 
37.1 

13.66     j     12  60 
13.18     !     12.18 
13.92          12.92 
13.97     j     12  97 
15  20     !     14  20 
13  97     1     !■?  n7 

21.1 

20  0 
29  7 

2  0 
29.9 
34.1 
28.3 
-  2.6 
32  0 
30.9 

21  5 

35.4 

, 

14.79 
14.74 
13.84 

13  74 

14  09 

13.79 
13.74 
12  84 
12.74 

Mi   (l<) 

43  2 
47.3 
41.2 
10.2 
45.1 

13  97     I     i2  97 

Mi   '17             !•>   <|7 

;{0  6         i-<  :<■'     '     f  -i'' 

24  3 
18.5 
20.6 
29  0 
33  5 

36  0 
30.2 

48.7 
42.2 

32  7 

40  2 

47  5 

45  7 

31.8 

7  1 

7  3 

13.8 

12  6 

9  5 

13  05          !•'  <>.-. 

12  88 
1 1 .  70 
1 1    89 

13  17 
15.16 
13.97 
14.29 
14.23 
13  »« 

11  88 

10  70 
10  89 

12  17 
14    10 

12  97 

13  29 
13  23 

12  t)9 

13  44 
13  24 

13  6 

15.1 

12,1 

0.5 

3.2 

18.0 

19  0 

-14   7 

25.3 

37.0 

)■':•!< 

13  5 
16.0 
31  5 

27.3 

1:;    1           14.44 

1  i  ;        1 1  ''i 

31.9 
-    13 

11  3 

' 
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TABLE  l—Cmtiumd 


Plate  Numbeb 

NuMBEn 

Latitude 

DiuHNAL  Motion 

1 

Lo 

NOITDDES 

ON  DaT8  of  Observation 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

1336  {conl.) 

1326 
1327 
1328 
1329 

1330 
1331 
1332 
1334 
1335 
1336 
1337 
1338 
1339 
1340 

1333 
1341 
1342 
1344 
1345 
1346 
1347 
1348 
1349 
1350 
1351 
1352 
1353 
13.54 

1355 
1356 
1357 
1358 
1359 
1360 

1361 
1362 
1363 
1364 
1365 
1366 
1367 
1368 
1369 
1370 
1371 
1372 
1373 
1374 
1375 
1376 
1377 
1378 
1379 
1380 
1381 
1382 
1383 
1384 
1385 
1386 
1387 
1388 
1389 
1390 
1391 

8?2 

8.1 

3.7 

10.9 

-29.4 

35.9 

9.4 

-24.0 

-24.6 

12.6 

12.7 

38,5 

32.5 

10.2 

-31.0 

8.5 

12.8 

20  9 

18.0 

-14.0 

-10  6 

13  9 

10.1 

14.9 

18.6 

-33.8 

-38.2 

8.0 

-17.4 
12.3 
17.3 
17.1 
21.9 
22.4 

19.9 

22  2 

25.0 

20,2 

23.7 

18.2 

17.3 

19.4 

21 .2 

17.3 

22.6 

23.3 

25.9 

-18.8 

-13.2 

-12.8 

-15.8 

-17.5 

-19.3 

-17.7 

-20.5 

-19.2 

-21.5 

-20.6 

28.4 

25.3 

24.2 

22'9 

21.3 

20.2 

24.6 

15?06 
15.26 
14.79 
14.56 

14.10 
12.19 
13.77 
13.42 
13  82 
13.97 
14.27 
13  30 
11.98 
14.17 

13.35 
14.64 
14,24 
13.95 
13.85 
14.32 
15.24 
14.26 
14.20 
14.55 
13.65 

13 .  45 
12.05 
13.05 

14.26 

14 .  40 
14.15 
14.37 
13.94 
14.15 

14.08 

14.52 

13.44 

12.64 

15.08 

14.46 

14.11 

14.26 

13.74 

14.52 

14.21 

13.81 

13.76 

14.26 

14.45 

14.45 

14.17 

14.53 

14.41 

14.80 

14.32 

14.53 

14.26 

14  10 

13.66 

13.84 

14,21 

13.62 

14.33 

13.84 

14.29 

I4?0(5 
14.06 
13.79 
13.56 

13.10 
11.19 
12.77 
12,42 
12,82 
12,97 
13.27 

12  30 
10  98 
13.17 

12.35 
13.64 
13.24 
12.95 
12.85 
13.32 
14.24 

13  26 
13  20 
13  55 

12  65 
12.45 
11.05 
12.05 

13.26 
13.40 
13,15 

13  37 
12.94 
13.15 

13  OS 
13.52 

12  44 
1 1 .  64 
14.08 
13.46 
13.11 
13.26 
12.74 
13.52 

13  21 
12.81 
12.76 
13.26 
13.45 
13  45 
13  17 
13.53 
13.41 
13.80 
13.32 
13.53 
13.26 
13.10 
12.66 
12.84 
13.21 
12.62 
13.33 
12.84 
13.29 

-25?9 

-30.6 

22.2 

-11.6 

7.2 
26.9 
12.2 
-36.7 
-42.5 
-41.1 
-37.9 

-  8.0 
-19.3 

21  5 

-22.5 
28.2 

-  8.9 
-26.0 
-11.1 
-36.5 
-40.2 
-38,3 
-40.7 
-41.2 
-40.9 

19.4 

2.1 

18.1 

-38.6 
-30.4 
-37.5 
-34.9 

-16.2 

37.2 

1.8 

20.2 

38.0 

24.2 

-24.9 

-29,8 

-28.1 

-24.7 

4.2 

-  8.4 

34.4 

-10.1 

41.9 

4.4 

-13.0 

1.8 

-23.1 

-25.9 

49?8 
15.5 

29?  1 

1344 

Oct.  27,  '04 

9''55"' 

37.7 
-11.9 
-16.9 
-15.2 
-11.4 

47.8 

1348 

Oct.  28,  '04 

9h44m 

17?0 

30?5 

43  ?0 

-25.2 

-26.9 

-27.7 

-28.2 

31.9 

13.2 

30.2 

14.6 
13.1 
13.2 

28.0 
26.1 
26.5 

41.0 
38.0 
39.9 

1354 

1.9 
9.9 
2.5 
4.6 

-  6.0 

-  4.4 

42.9 

15.0 
23.5 
15.7 
17.9 
6.2 
8.9 

Oct.  29,  '04 

36.2 

9''50° 

31.5 
19.8 

45.3 
33.7 

-45.1 
-43.8 

3.9 

7.0 

7.7 

11.5 

13.1 

-  0.4 

-  4.0 

-  2.0 

-  1.6 

-  6.9 

-  9.0 
-11.1 

-  9.2 

-  2.2 

-  1.8 

-  9.2 
-15.7 
-18.9 
-17.0 
-12.7 
-12.3 

-  9  9 
-18.0 
-24.1 
-32.5 
-29.5 
-33.0 
-37.5 
-29.9 
-30.8 
-25.7 

1362 

16.5 

20.5 

20.1 

23.1 

27.1 

12.9 

9.0 

10.7 

11.1 

5.4 

3.8 

1.8 

3.7 

11.0 

11.6 

3.9 

-  2.5 

-  5.6 

-  3.5 
.0.0 

1.4 
3.6 

-  4.6 
-10.9 
-20.1 
-16,7 
-19.9 
-24.9 
-17.4 
-18.0 
-13.3 

29.5 
33.7 

Nov.  1,  '04 

lO'-OO" 

_ 

40.9 

26.1 
21.7 
23.7 

39.8 
35.2 
37.6 

19.8 
16.9 
14.2 
16.3 
24.0 

30.4 

28.9 
37.4 

17.0 

10.2 

7.7 

9-5 

14.2 

14.0 

16.6 

8.1 

1.7 

-  7.3 

31.0 
23.7 
21.5 
23.1 

28.7 

30.6 

21.7 

15.1 

5.2 

-  7.4 
-U.9 

-  4.0 

6.6 
0.0 
9.8 

0.0 

13.9 
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TAbl.t.  1— t(i;i(i;n,.J 


Plate  NrHBER 

Number 

Latitude 

DlCRNAL 

Motion 

l.nKGITtTDES  ON  DaYS  OF  OBSERVATION 

A.SO  D.tTE 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

■ 

7 

1366 

1392 
1393 
1394 

1395 
139r. 
1397 
1399 
14(H) 
1401 
14(e 
1404 
140.-. 
MOti 
14(17 

Mas 

1409 
1410 
1411 
1412 
1413 
1414 

7?6 
-19  4 
-15.4 

17.7 

IS  2 

19  2 

-20  4 

-20  0 

-16.9 

-25  8 

-23  8 

-26   1 

-16  0 

-13  6 

-   7.1 

9.8 

11.1 

17.1 

15.3 

23  6 

12  3 

14?31 
14   19 
14.36 

14.51 
14   12 
14   12 
14  51 
14  22 
14.51 
14.61 
14   12 
14.61 

14  32 

15  40 
14  91 
14  SI 
14  61 
14  41 
14  81 
14.12 
13  53 

13?31 
13.19 
13  36 

13  51 
13.12 
13.12 
13.51 
13  22 
13.51 
13.61 
13   12 
13.61 

13  .32 

14  40 
13.91 
13  81 
13.61 
13.41 
13.81 
13.12 
12.53 

-32?5 

-32.9 

3.5 

28.2 

30.2 

19.9 

18.2 

27.2 

11.5 

4.7 

9.4 

22  1 

-44^3 

-46  7 

-49.5 

-25.8 

-31.5 

-48.6 

-  3.1 

1.7 

25.3 

-20?0 

-20.0 

16.1 

41.9 

-  6?0 

Nov.  2,   04 

9''55'° 

30.1 

1370 

\ov.  3,  '04 

43.5 

33.2 

31.9 

40.6 

25.2 

18.5 

22.7 

35.9 

-30  8 

-.-52. 1 

-35.4 

-11.8 

-18.0 

-35.0 

10.9 

15.0 

38.0 

• 

<"■•'■■!- 

.V 



laso 

Nov.  4,  '01 

9''43" 



12  S3 
12.26 
13.03 

13  44 
14.05 
13.80 
12.98 
13  54 
13   IS 
12  57 

12  11 

13  49 
13  54 
12.93 
13.39 
12. SS 
13  75 
13.54 
13.03 
13-23 

.    20.9 

-15.1 

7.1 

-  0.8 

-  3.7 

-  5.3 

-  9.1 

-  7.7 
6.0 
4.9 

15.1 
-.32.9 
-40.5 
-39.1 
-45.2 
-43.2 
-47.7 
-34.5 
-11.4 
0.4 

1:{<.II 

1415 
141(1 
1417 
141.S 
1419 
1420 
1421 
1422 
1423 
1424 
1425 
1426 
1427 
1428 
1429 
1430 
1431 
1433 
1434 
1435 

10  3 

12  4 

14  9 

25  3 

17.2 

16.6 

IS.l 

IS.S 

21    1 

24.0 

-39.9 

-15.1 

-20.7 

-18  4 

-17  2 

-12  1 

-15  7 

-25  3 

17  5 

-23.8 

13   .S4 

13  27 

14  01 
14   45 
15.0(1 
14  81 
13.99 
14  55 
14.19 
13  5S 
13   12 
14.. 50 
14.55 

13  94 

14  40 
13.S9 
14  7(1 
14.55 
14  04 
14  24 

46.0 
39..  1 
32  6 

Nov.  12,   01 

llMl™ 

25  5 

23  S 

21.7 
16  3 

18.8 
31.8 
29  5 
38.8 
—   6  5 

-14  0 
-13.8 

-19.0 
-18.0 
-20.8 
-  8.0 
14.1 
26  3 

1304 

Nov.  14,  '0» 

1  ):{•> 
1437 
I43.S 
M.i'.t 
1  140 
1441 
1442 
1443 
1444 
1445 
144(1 
1117 
144S 
1  ll'i 

lOMW" 

■_",i  (1 
•22  2 
27  7 
194 
16.9 

15  2 

16  4 
14.5 
15  9 

8.5 
5.8 
3.4 
5  1 
17 

1  lot 

IS  3 
21   S 
15   1 
10  2 
S  6 
5  7 

10  8 

11  4 
17  0 
10  9 
10  3 
13  5 
I'.t  K 
20  :! 

14  IS 

13  99 

14  IS 

13  90 

14  45 
14  27 
14   IS 
14  27 

13  SI 

14  IK 
14  OS 
14  55 
II   73 

1  1    OS 

13   17 

12  9S 

13  17 

12  S9 

13  44 
13/26 
13   17 
13  26 

12  SO 

13  17 
13  07 
13. 54 
13  72 
13  07 

43.2 
36.2 
41.9 
33.3 
31.4 
29  5 

Niiv.  22,  '04 

i,H;j„, 

.30.6 
28.8 
29.7 
22.7 
19.0 

18  0 

19  9 
15  S 
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TABLE  1— Continued 

Plate  Numbef 
AND  Date 

Nu,MBEI 

i       LaTITI'DH 

Diuknal  Motion 

Longitudes  on  Davb  op  Observation 

Sidereal 

Synodic 

I 

2 

3 

4 

.'5 



6 

7 

1404  (cnnt.) 

1450 
14.')2 
1453 
14.54 
14.55 
1456 
14.57 
14.58 
1459 
1460 
1461 
1462 
1463 
.    1464 
1465 
1466 
1467 
1468 

12?2 

7.9 

9.S 

10.2 

5 . 5 

-17.8 

-18.5 

-16.9 

18.9 

21.5 

19.6 

17.8 

17.5 

-21.1 

-17.0 

-15.1 

-  2.8 

-25.4 

I3°81 
14.18 
13.99 
13.16 
13.62 
13.25 
14.36 
14.45 
13.81 
12.88 
14.. 55 
14.45 
13.62 
13.81 
13 .  .53 
14.08 
15.29 
13.81 

12?S0 
13.17 
12.98 
12.15 

12  (il 
12.24 
13.35 
13.44 
12.80 
11.87 
13. 54 

13  44 
12.61 
12.80 
12. 52 
13.07 
14.28 
12.80 

0?3 

-  0.3 
0   1 

-  2.6 

-  1.0 
27.1 
24.8 
23.0 

-24.1 
-24.4 
-27.2 
-35  2 
t42.5 
-40.3 
-18.5 
-14.0 
-17.2 
-13.8 

14?1 
13  9 
14.1 
10.5 





12.6 
40.3 
39.2 
.37.5 

-10.3 

-11.6 
-12.6 
,    -20.7 
-28.9 
-26.5 

-  5.0 
0.1 

-  1.8 
0.0 

140S 

Nov.  23,  '04 

11''36'" 

1419 

Der.  13,  '04 

10''24"' 

1.534 

1.535 

15.36 

1537 

1540 

1.541 

1.542 

1.543 

1544 

1545 

1.546 

1547 

1.548 

1.549 

1550 

1551 

1552 

15.53 

1554 

1.5.55 

1556 

1,5.57 

1.5.58 

1.5.59 

1560 

1561 

1562 

1563 

1.564 

1565 

1.566 

1567 

1.568 

1569 

1570 

1.571 

1573 

1574 

1575 

1576 

1577 

1578 

1579 

1580 

1581 

12.6 
7.7 
9.9 
9.7 
14.6 
16.1 
19.1 
18.6 
12.5 
13.0 
15.8 
12.3 
15.7 
13.3 
15.0 
23.5 
22.0 
30.5 
.33.8 
20.5 
12  3 
12.7 
10.1 
14.5 
14.3 
12.2 
11.2 
15.3 
20.5 
13.5 
16.3 
17.5 
21.8 
18.0 
17.8 
-34.5 
-11.9 
-15.2 
-16.1 
-24.9 
-29.5 
-22.9 
-27.2 
-33.3 
-31.3 

14.15 

14.64 

14.64 

14.64 

14. 4S 

14.74 

14.25 

13.83 

13.58 

13.76 

14.28 

14.13 

14.15 

14.64 

14.64 

15.14 

13.95 

12.80 

13. 56 

14.25 

13.66 

14. 55 

14.64 

14.11 

14.82 

14.13 

14.08 

14.45 

13. 53 

14.37 

14.17 

13.53 

13.88 

13.85 

13.93 

13.76 

14. 55 

14.62 

13.98 

14.10 

12.96 

14.08 

13.24 

13.38 

13.73 

13.14 

13.63 

13  63 

13.63 

13  44 

13.73 

13.24 

12.  S2 

12. 57 

12.75 

13.27 

13.12 

13.14 

13.63 

13.63 

14.13 

12.94 

11.79 

12. 55 

13.24 

12.65 

13.. 54 

13.63 

13.10 

13.81 

13.12 

13.07 

13.44 

12. 52 

13. 36 

13.16 

12.62 

12.87 

12.84 

12.92 

12.75 

13.54 

13.61 

12  97 

13.09 

11.95 

13.07 

12.23 

12.37 

12.72 

21. 8 

22.8 

28.1 

30.6 

25  3 

2 1 . 0 

26.6 

23.2 

8.7 

6.6 

7.3 

-  0.2 
1.0 

-  2.7 

-  6.4 

-  4.4 
28.1 
25.2 
21  0 

1.9 

-  6.9 

-  9.8 

-  9.9 
-15.6 
-18.0 
-18.6 
-19.4 
-21.9 
-26.1 
-23.5 
-25.0 
-27.8 
-32.9 
-36.9 
-39.5 

26.0 
8.3 
8.4 
2.2 

-  5^0 
-13.1 
-16.2 
-17.1 
-16.2 
-21.9 

35.1 
36.6 
41.9 
44.4 
38.9 

37.9 

40.0 
36.5 
21.8 
19.5 
21.2 
13.2 
14.3 

49  ?2 
34.2 

34.2 
26.4 

11.1 

7.4 

9.9 

41.2 

37.0 

33.7 

15.3 

5.9 

3.9 

3.9 

-  2.1 

-  4.1 

-  5.1 

-  6.2 

-  8.3 
-13.7 
-10.1 
-12.1 
-15.2 
-20.0 
-23.9 
-27.5 

.38.9 
22.0 
22.0 
15.3 
8.2 

-  1.0 

-  3.5 

-  4.8 

-  3.5 

-  9.2 

49.1 

11  5 

10.0 

8.2 

7.1 

37?3 

34.4 

-  0.7 
3.6 
1.4 

-  2.4 

-  6.8 

28.0 

-13.3 

36.0 
28.5    . 
21.7    . 

■17.8 

10.3    . 
8.9    . 

9.6  '. 
3  9 

32.1 

33.7      . 
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TABLE  I— Continued 


^'^lllolTr"     NrxBE"!  Latitude 


1419  (rotil.) 


1423 
Doc.  14,  '04 
10''41'"5 


1420 

Dfc.  1.1,  '04 

ll''04'° 


14.J2 

Die.  17,  '04 

IIM.!'" 


1438 
Dw.  19,  '04 
ll'>18°'.i 


ir>s2 

l.iS3 
15S4 
loS.-) 

lost; 

15X7 
15SS 
1589 

1590 
1591 
1592 
1593 
1594 
1595 
1596 
1597 
1598 
1599 
1600 
1601 
1602 
1603 
1604 

1605 
HJO(i 
l(i()7 
ICOS 

I  COM 
ICilO 
1611 
1612 
1604' 

1613 
1614 
1615 
1616 
1617 
16IS 
lli-JO 
IllL'l 

I I  ;■_'•_' 

1023 
1624 

1625 
1626 
1627 
1628 
1629 
1630 
1631 
1632 
1633 
1634 
1635 
1636 
H«7 

io:{S 

164U 


I II.; 
Dm-.  21,  '01 
ll'll"'.'i 


-14 
-13 


-2S?0 

9 

5 

6 

2.9 

5.0 

15.8 

13.9 


16.4 
-17.5 
-21.7 
-26.2 
-29.2 
-30.8 

24.9 
-25.2 

11.2 
-11.0 

12.8 

15  3 
24  3 

S.9 
3.5 

25.0 
24.1 
26.5 
16.4 
116 
-14.0 
16.7 

16  2 
13.2 

.33  9 

30  9 
-16.0 
-15.0 
-19.7 
-18.5 

31.7 

31  4 
12  2 
14.6 
21.4 

34.2 

-12  6 

11.2 

19  7 
22  3 
22  1 

20  K 
24  2 

17  3 
14.6 
13.5 
16.0 

9.3 
12  6 
26  2 
26  3 


DiL'B.NAL  Motion 


Sidereal 


13^16 
12  94 
14  25 
14.74 
14  94 
15.20 
14  37 
13.95 

14  01 
11  00 
14.7!t 
14.30 
14.11 
14.01 
13.95 
14.01 
14  29 
14  9!) 


Synodic 


70 
42 


13.91 
14.50 
14.30 

14  01 
13  20 
13.  SO 

13  60 

14  .50 
14  35 
14.41 
13.75 
13.86 

13  43 
13.10 
14.32 
13. 54 
14.44 

14  .39 
13  59 

13  94 

14  19 
13.79 
14.09 

13  46 

14  25 
13.81 
14.15 


13 
14 


14  01 
14  .■)() 
14  40 
14.35 
14.40 
14.01 
14.35 
14  .55 
13  71 
13.86 


12?15 

1 1  93 
13  24 
13  73 
13  03 
14.25 
13.36 

12  94 

13  00 
13  .59 
13.78 
13  29 
13.10 
13  00 

12  04 

13  00 
13  28 
13.08 
13.09 
12  41 

12  00 
13.49 

13  29 

13  00 
12  25 
12  S5 
12. 59 
13.49 
13.34 
13.40 
12  74 
12.85 

12.42 

12  00 
13.31 
12. 53 

13  43 
13  38 

12  .58 
12.93 

13  IS 
12.78 
13.08 

12  45 

13  24 

12  80 

13  14 

12  .50 

13  00 
13  (M) 
13  40 
13  30 
13.34 
13.39 
13  00 
13. 34 
13  .54 
12  70 
12.S5 


-21  ;2 

-25.1 
-31.0 
-.34.0 
-39.8 
-42.4 

-  1.8 
0.9 

18.0 

17.2 

18.2 

15.5 

15.9 

4.2 

-24.9 

10.8 

-16.9 

-38.2 

-20.0 

-23.2 

-28^9 

-34.8 

-43.4 

-13  6 
-20.8 
-30.8 
-35.9 
-42  2 
-32 '9 
3.9 

-  5.3 

-  8.2 

-11.2 
-13.4 
-13.0. 
-16.2 
-21.9 
4.7 

-  7.9 

-  5.1 
-20.1 
-21.5 

15.8 

10.8 
18.8 
-13.8 
-14.0 
-13.0 
-29.1 
-34  3 
-37  6 
-36.1 
-33.1 
-32.0 
-44.2 

-  11 

-  3  1 
13  2 
21  5 


LONOITUOES  ON  DaY6  OF  ObBEBVATION 


-  8?9 

-12.9 
-17.6 
-20.1 
-25.7 
-28.2 
11.7 
14.0 

31.2 
31.0 
32.2 
29.0 
29.2 
17.4 
-U.S. 
24.0 

-  3.2 
-24.0 

-  6.1 
-10.6 
-15.3 
-21.1 
-29.9 


0?9 


-13.5 
25.3 


12.5 

-  5.2 

-  5  0 

-  9.4 

-r4.i 

-  6.1 
30.8 
20.0 
17.6 

13.2 

10.8 

12.4 

8.9 

5.0 

31.5 

17.3 

20.8 

6  3 

4.1 

42.0 

35.9 
45.5 
12  0 
11.6 
12.2 

-  2.7 

-  8.1 
-10.4 

-  9.1 

-  6.2 

-  5.0 
-18.0 

25.8 
24.2 
38.8 
47  4 


14?3 


23.3 


10.2 


16?7 
11.9 
20.5 


45.8 


38.7 
■iO.k' 


39  ?7 


47.5 
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TABLE  l—Conlinved 


Pi-ate  Nt;.MnEn 

NUMBEI 

Latitude 

DinnNAi,  MoTioK 

LONOITDDES  ON   DaYB  OP  OdSEHVATI.  . 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

'. 

7 

1450 

1641 
1642 
1643 
1644 
1645 
1646 
1647 
1648 
1649 
1650 
1655 
1656 
1657 
1658 
16,59 
1660 
1661 
1662 
1663 
1664 
1665 
1666 

20?5 

18  3 

17.0 

15.4 

12  0 

8.4 

21.7 

21.7 

17.3 

-17.8 

-22.1 

-26.8 

-30  0 

-  6.1 

-  4.8 
-13.4 
-12.8 
-19.0 
-21  4 
-19.4 
-17.7 
-23  9 

13?.54 
14.63 
13.73 
14.83 
14.33 
13.93 
13.24 
13.64 
14.23 
12.84 
14  03 
14.03 
14.23 
14.23 
14.43 
15.72 
15.13 
15.33 
13.73 
14.13 
15.23 
13.24 

12?.53 
13.62 
12.72 
13.82 
13.32 
12.92 
12.23 
12.63 
13.22 
1 1  .  83 
13.02 
13  02 
13.22 
13.22 
13.42 
14.71 
14.12 
14. 32 
12.72 
13.12 
14.22 
12.23 

31?0 
25.0 
.30.3 
26  6 
30,1 
21  2 
5.0 

-  8.7 
-23.0 

31.5 

22.1 

21.3 

15.7 

8.0 

6  1 

0.2 

-  1.2 

-  2.3 

-  5.4 

-  9.2 

-  9.3 
-12.7 

43  ?6 
38.7 
43.1 
40.5 

Dec.  30,  '04 

10''42"'5 

43 , 5 
34.2 
17.3 

4.0 
-  9.7 
43.4 
35.2 
.34.4 
29.0 
21.3 

19.6 

15.0 

13.0 

12.1 

7.4 

4.0 

5.0 

-  0.4 

1453 

Dee.  31,  '04 

lO^Sl" 

1467 

1667 

1668 

1669 

1670 

1671 

1672 

1673 

1674 

1675 

1676 

1677 

1678 

1679 

1680 

1681 

1682 

1683 

1684 

1685 

1686 

1687 

1688 

1689 

1690 

1691 

1692 

1693 

1694 

1695 

1696 

1697 

1698 

1699 

1700 

1701 

1702 

1703 

1704 

1705 

1706 

1708 

15.3 

17.3 

12.4 

11.2 

7.5 

14.2 

15.5 

17. S 

18.4 

19.4 

20.1 

16.4 

13  0 

14.2 

15.3 

21.5 

18.9 

25.0 

27.0 

24.6 

27.5 

30.2 

30.7 

28.6 

25.3 

23.0 

23.5 

20.9 

20.1 

13.5 

20.7 

27.7 

5.0 

7.1 

-  8.5 

-  7.0 
-20.6 
-15.9 
-25.7 
-29.7 
-31.2 

14 .  65 

14.34 

15.17 

14.44 

14.60 

14.09 

13.84 

14.35 

14.45 

14.24 

14.13 

13.94 

14.24 

13.88 

14.04 

14.14 

14.75 

14.09 

13.99 

13.72 

13.48 

14.09 

13.72 

14.44 

14.14 

13.43 

14.44 

14.34 

14.50 

13.82 

13.84 

13.84 

13.99 

14.03 

14.65 

14.65 

14.75 

14.86 

14.13 

14.03 

13.72 

13.63 

13.32 

14.15 

13.42 

13.. 58 

13.07 

12.82 

13.33 

13.43 

13.22 

13.11 

12 .  92 

13.22 

12.86 

13.02 

13.12 

13.73 

13.07 

12.97 

12.70 

12.46 

13.07 

12.70 

13.42 

13.12 

12.41 

13.42 

13. 32 

13.48 

12.80 

12  82 

12.82 

12.97 

13.01 

13.63 

13.63 

13.73 

13.84 

13.11 

13.01 

12.70 

31.2 

27.6 

24.3 

27.9 

14.3 

10.9 

8.8 

9.8 

6.1 

6.2 

4.6 

3.5 

3.2 

1.1 

-  1.3 
0.0 

-  2.9 

-  7.0 

-  7.0 

-  8.5 

-  9.0 
-13.9 
-17.0 
-19.1 
-15.8 
-13.2 
-11.7 
-13.0 
-17.4 
-24.4 
-28.2 
-31.0 
-45.0 
-44.9 
-18.3 
-15.1 
-19.2 

34.7 
26.2 
26.5 
22.8 

44.4 
40.5 
38.0 
40.9 
27.1 

'26^9 

22.3 

18.8 

19.0 

17.3 

16.1 

16.4 

13.9 

10.9 

12.7 

10.4 

5.6 

5.5 

3.8 

2.9 

-  0.9 

-  4.7 

-  6.1 

-  2.8 

-  1.2 
1.3 

-  0.1 

-  4.0 
-12.0 
-15.7 
-18.5 
-32.4 
-32.3 

-  4.6 

-  1.9 

-  5.7 
48.1 
38.9 
39.1 
35.1 

Jan.  12,  '05 

11''39'>.'5 

41  ?0 
36.6 
34.0 
36.0 
32.5 

28.9 
29.2 
26.4 
24.3 
25.8 

18.7 
18.5 

15.5 
11.8 

10.0 
11.2 

13.2 
9.1 

-  3.0 

-  5.8 

-  19  5  i 

8.5 

7.8 

1 
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Publications  of  the  YKRKE^<  Obskuvatoky 


TABLE  l—Conlimud 


Ni  uncR 

Latiti-dk 

Diurnal 

Motion 

LOHGITDDBS  ON  Dm  -    •■>    1  1  i.-ervaTION 

A.VD  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

1467  (cotd.) 

1709 
1710 
1711 
1712 
1713 
1714 
1715 
1716 
1717 
1718 

1719 
1720 
1721 
1722 
1723 
1721 
1725 
1726 
1727 
172S 
1729 
1730 
1731 

-41?5 
-35    1 
-31.4 
-32  7 
-13  7 
-17  0 
-17  () 
-17  C, 
-21   7 
-17  7 

15   1 

21   3 

-17.7 

12  9 

14  2 

32.1 

34.9 

-29  2 

-20.0 

-22  0 

-17  0 

-21.2 

-15.8 

12°01 
13  88 
13  94 
13  28 

13  89 

14  29 

13  99 

14  44 
14.40 
14.90 

14.85 

13  75 

14  85 
13.45 
13.65 
13  95 
13.95 
13.55 
13.75 
13.75 
13.15 
14.15 
14.15 

10?99 
12.86 
12  92 
12  26 
12.87 
13.27 
12.97 
13.42 
13.38 
13,88 

13.83 
12.73 
13.83 
12.43 
12.63 
12.93 
12.93 
12.53 
12.73 
12.73 
12.13 
13.13 
13.13 

22?7 
15,4 

-  1.5 

-  8.0 
17.9 
18.3 
15.5 
13.7 
17.6 

7.4 

25  0 
22.2 

-  7.8 
-42.1 
-38.1 
-26.9 
-33.2 

0.5 
-24.9 
-28.8 
-26.5 

-  9.1 
-14.5 

33?1 
28.3 
11.3 
3,3 
29.7 
31.7 
28.2 
26.7 

"26.'7 

38.8 

34.9 

6.0 

-29.7 

-25.5 

-14.0 

-20.3 

13.0 

-12.2 

-16.1 

-14.4 

4.0 

-   1.4 

44  ?3 
40,7 
23.9 
16.1 
43,2 
44.4 
41.0 

43.9 
34.7 

1470 

10'>54'n 

1476 

Jan    14    '05 

10''51"' 

1516 

1737 
1 73S 
1739 
1740 
1741 
1742 
1743 
1744 
1745 
1746 
1747 
1748 
1719 
1750 
1751 
1752 
1753 
1751 
1755 
1756 
1757 
175S 
1759 
1760 
1761 
1762 
1763 
1764 
1765 
1766 
17r.7 
1 76S 
1 7f.'.l 
1770 
1771 

8.2 

9.9 

10  5 

11.9 

7.8 

7.3 

-22.0 

-20.4 

-16.8 

-22.1 

-17.4 

-18  4 

-16   1 

-14  2 

-12  6 

-  1  (    i) 
21.5 
19  3 
IS  2 
22   A 
22  3 
27  2 
•_•!    9 
•.'5  3 
15  •> 

-  5,1 
8.4 

-20  9 
-25  5 
-IS  •! 

-  19  0 

-  s  s 

•JO  5 
12    1 

14.69 
14.19 
14.09 
14  19 
14  39 
14.09 
14.49 
13.99 
14.19 
14.19 
14.39 
14.19 
14  S9 

13  99 

14  39 
14  49 

13  49 
14.49 

14  (19 
13  39 
13   79 
13    19 

11  59 

13  09 

12  .S9 

14  39 
14   39 
14   49 

14  (m 

12  59 
14   09 

13  69 

11  99 

12  59 

13  79 

13.68 
13.18 
13.08 
13.18 
13.38 
13.08 
13.48 
12.98 
13.18 
13.18 
13  38 
13.18 
13.S8 

12  9S 

13  3S 
13  48 
12  4S 
13.48 
13.68 
12  .38 
12  7S 

12  48 
13. 58 
12. OH 
11.88 
13.38 
13.38 
13.48 

13  OK 

11  .18 
13  OS 

12  6H 

13  9S 

1 1  5S 

12  7S 

21.8 
24,4 
22.9 
20.0 
15.3 
19.9 
18.2 
19.8 
25.3 
25.4 
29.3 
30.7 
31.4 
29.9 
27.9 
21  3 
16.7 
18.7 
17.2 
16.1 
11,4 
16.2 
16.5 
2.0 
2.8 

-32.7 
30  4 
31.9 

-38.1 

-45.6 
25  3 
23  0 
27  2 

-45  0 
18  2 

35.5 
37.6 
36.0 
33.2 
28.7 
33.0 
31.7 
32.8 
38.5 
38.6 
42.7 
43,9 
45,3 
42.9 
41.3 
34.8 
29  2 
32!  2 
30.9 
28  5 

Feb    17   '05 

10*'5I"'5 

24.2 
28.7 
30  1 
14.1 
14.7 
-19.3 

43,8 

45,4 

-25,0 

-34,0 

38.4 

36.6 

41.2 

-33.3 

31.0 

1510 

Feb.  18,  '06 

1 5 .  .i 
24  0 

10''54"' 

1529 

1772 
1773 
1774 

-18  2 
-17   1 
-17,6 

H  07 

14  ()0 
13.81 

13  on 

12  Oft 
12.80 

29.7 
38,3 

21   7 

Feb  28   '05 

J0''17'°5 
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TABLE  1— Continued 


Plate  Number 

Number 

Latitude 

Didhnal  Motion 

Longitudes  on  Dayb  or  Odsekvation 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

1529  {cont.) 

1775 
1776 
1777 
1778 
1779 
1780 
1781 
1782 
1783 
1784 
1785 
1786 
1787 
1788 
1789 
1790 
1791 
1792 
1793 
1794 
1795 
1796 
1797 
1798 
1799 
1800 
1801 

-24  ?4 

-21.1 

-19.9 

-18.0 

-16.1 

-17  6 

-13.2 

-16.3 

-21.7 

-21.9 

-18.6 

-20.1 

-19.4 

-22  0 

-18.1 

4.0 

2.1 

1.4 

3.4 

9.9 

10.0 

5.3 

4.5 

-26.7 

-27.1 

5.4 

13.5 

13?.52 

14  39 

15  07 
14.39 
14.39 
14.29 
14.78 
14.39 
14.20 
14.10 
14.78 
14. 59 
14.20 
14.10 
14.20 
14.39 
14.39 
13.71 
14.68 
14.68 
14.49 
14.39 
14.10 
13.81 
13.03 
14.00 
12.94 

12?51 
13.38 
14.06 
13.38 
13.38 
13.28 
13  77 
13. 38 
13.19 
13.09 
13.77 
13  .58 
13.19 
13  09 
13.19 
13.38 
13.38 
12.70 
13 .  67 
13.67 
13.48 
13.38 
13.09 
12.80 
12.02 
12.99 
11.93 

-33?7 

-30.3 

-30.3 

-29.3 

-28.1 

-25.7 

-27.3 

-29.9 

-26.6 

-22.4 

-20.2 

16.4 

12.9 

11.8 

27.4 

28.3 

28.7 

27.1 

26.3 

24.9 

30.4 

29.3 

35.4 

-  3.5 

-44.7 

31.8 

23.9 

-20?8 
-16.5 

-15.8 
-15.5 
-14.3 
-12.0 
-13.1 
-16.1 
-13.0 

-  8.9 

-  6.0 
30.4 
26.5 
25.3 
41.0 
42.1 
42.5 
40.2 
40.4 
39.0 
44.3 
43.1 

.  48.9 

9.7 

-32.3 

45.2 

36.2 

1535 

Mar.  1,  '05 

lli'02"'5 

1543 

1802 
.1803 
1804 
1805 
1806 
1807 
1808 
1809 
1810 
1811 
1812 
1813 
1814 
1815 
1816 
1817 
1818 
1819 
1820 
1821 
1822 
1823 
1824 
1825 
1826 
1827 
1828 
1829 
1830 
1831 
1832 
1833 
1834 
18.35 
1836 
1837 

10.1 
11.2 
18.1 
15  6 
15.9 
15.0 

-  6.9 

-  9.4 

-  7.6 
-11.9 
-17.0 

14.1 

16.1 

24.3 

20.0 

22. 1 

23  a 

18.8 

20.7 

20.4 

17.9 

22.3 

24.9 

32.0 

27.1 

38.4 

22.7 

24.6 

19.7 

10.2 

9.9 

7.9 

8.3 

6.9 

4.6 

6.9 

14.14 
15.05 
14.04 
14.44 
14.44 
14.34 
15.35 
13.23 
15.35 
14.24 
13.94 
14.24 
13.04 
14.34 
14.14 
14.14 
14.64 
14.44 
14.04 
14.14 
14.34 
14.14 
14.74 
13.43 
14.14 
13.73 
13.94 
14.84 
14.04 
14.34 
14. 54 
14.44 
14.74 
15.05 
14.44 
14.95 

13.13 
14.04 
13.03 
13.43 
13.43 
13.33 
14. 34 

12  22 
14^34 

13  23 
12.93 
13.23 

12  03 
13. 33 
13.13 
13.13 

13  63 
13.43 
13.03 
13 .  13 
13.33 
13.13 
13.73 
12.42 
13.13 
12.72 
13.93 
13.83 
13.03 
13.33 
13.53 
13.43 
13.73 
14.04 
13.43 
13.94 

9.1 
7.0 
13.5 
15.0 
13.8 
16.8 
2.8 

-  1.4 
3.8 
2.9 
8.6 

-  1.9 

-  3.2 

-  4.7 
1.8 
0.6 
1.9 
9.1 
7.1 

12.8 
2.2 
-15.3 
-18.5 
-19.2 
-21.9 

-  3.6 
-11.9 
-13.9 

-  8.6 
-10.8 

0.3 
4.6 

11.7 
9.3 
7.9 

13.9 

22  1 
20'9 
26.4 
28.3 
27.1 
30.0 
17.0 
10.7 
18.0 
16.0 
31.4 
11.2 

9.7 
8.5 
14.8 
13.6 
15.4 
22.4 
20.0 
25.8 
15.4 

-  2.3 

-  4.9 

-  6.9 

-  8.9 
9.0 
0.9 

-  0.2 
4.3 
2.4 

13.7 
17.9 
25.3 

23  2 
2l'2 
27.7 

Mar.  8,  '05 

11M9"> 

, 

' 
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P  U  B  H  C  A  T  I  O  X  S     OF    THE     Y  E  R  K  E  S     OBSERVATORY 


TABLE  l—Conlimtc'l 


NUUBEB 

Latitude 

DiDBNAL  Moil      s 

LONQITODES  ON  DaYS  OF  ObSEBVATION 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

0 

7 

1543  (cent.) 

1838 
1839 
1840 
1841 
1842 
1843 
1844 
1845 
1846 
1847 
1848 
1849 
1850 
1851 
1852 
1853 
1854 
1855 

4?4 

3.0 

6.6 

12.5 

6.0 

9.4 

-34.5 

-37.5 

-34.2 

-28.5 

-32.0 

9.1 

8.6 

10.7 

9.3 

16.0 

16.2 

13.9 

15?25 
14.74 
14.84 
14.95 
15.15 
14.95 
14.04 
13.13 
14.34 
12.62 
14.34 
14.34 
15.55 
14.44 
13.43 
14.34 
14.24 
14.24 

14?24 
13.73 
13.83 
13.94 
14.14 
13.94 
13.03 
12.12 
13.33 
11.61 
13.33 
13.33 
14.. 54 
13.43 
12.42 
13. 33 
13.23 
13.23 

14?8 

15.7 

17.8 

20  0 

18.2 

21.2 

-19.2 

-26.3 

-15.2 

-15.3 

-22.0 

-16.5 

-27. S 

-32  5 

-43  2 

-19.9 

-22.3 

-38.6 

28?9 
29.3 
31.5 
33.8 
32.2 
35.0 

-  6.3 
-14.3 

-  2.0 

-  3.8 

-  8.8 

-  3.3 
-13.4 
-19.2 
-30  9 

-  6.7 

-  9.2 
-15.5 

. .  r, 

1546 

Mar.  9,  '05 
ll'-Oo" 



1561 
Mar.  30,  '05 

1469 
1470 
1471 
1472 
1473 
1474 
1475 
1476 
1477 
1478 
;479 
1480 
1481 
1482 
1483 
1484 
1485 
1486 
1487 
1488 
1489 
1490 
1491 
1492 
1493 
1494 
1495 
1496 
1497 
1498 
1500 
1501 
1502 
1503 
1504 
150.5 
1506 
1507 
15as 
1509 
1510 
1511 
1512 
1513 
' "  1  ■ 

-12.9 
-  8.0 
-12.3 
-14.8 
-17.7 
-21.5 
-19.8 
-15.0 
-14.5 
-11.4 
-17.5 
-18.0 
-23.2 
-20.5 
-24.2 
-22.0 
-18.6 
-11.9 
-12.3 
-26.4 
-24.2 
-23.2 
-20.3 
-25.6 
-24.1 
-17.2 
-11.0 
-10.7 
-27.2 
-27.5 
7.8 
8.7 
11.9 
14.1 

13  2 
19.7 
22.5 
19.5 
17  5 
17  0 
19  7 

14  0 

21.1 

-14  7 
•t  -1 

14.86 
15.94 
14.09 
14.71 
14.28 
13.32 
13.89 
14.95 
14.86 
14.67 
14.91 
14  33 
13.65 
14  57 
13.55 
14.48 
13.85 
13.75 
14.43 
14.67 
14.62 
14.34 
14.84 
14.04 
13.85 
13.85 
13.85 
14.04 
13.75 
13.89 
13.94 
14.13 
14.47 
14.07 
13.60 
14.09 
14.04 

13  85 
14.70 

14  47 
14.04 
15.04 

13  74 

14  43 
1'   V'l 

13.87 
14.95 
13.10 
13.72 
13.29 
12.33 

12  90 
13.96 
13.87 
13.68 
13.92 
13.34 
12.66 
13. 58 
12.50 
13.49 
12.86 
12.76 
13.44 

13  6S 
13.63 
13.35 
13.85 
13.05 
12.86 
12.86 

12  SO 

13  05 
12.76 
12.9(1 
12.95 
13.14 
13.48 
13  6H 

12  61 
13.10 

13  05 

12  H(l 

13  77 

13  48 
13.95 

14  05 
12.75 
13  44 
11  21 

17.2 

17.0 

15.9 

15.7 

17.4 

11.9 

7.5 

5.2 

3.3 

-  4.1 

-  2.9 

-  5.7 

-  2.9 
-10.5 

-  9.0 

-  7.9 
-13.7 

-  9.9 

-  SO 

-  9.0 
-12.2 
-14.2 
-13.0 
-15.0 
-18.8 
-19.3 
-13.9 
-18.2 

-  3.2 
-28.0 
-.17.9 
-41.7 
-43.1 
-42  S 
-38  7 
-:i5.o 
-35  2 
-3S  7 
-4;j.o 
-21   () 
-20.5 
-16. S 
-24  9 

-  4  3 
-n  :< 

31.1 
32.0 
29.2 
29.5 
30.7 
24.0 
20  8 

45?9 

43.0 
44.1 
44.9 
37.4 

.-.I  •' 

19.4        .;t  1 
17  0         '■''  11 

9.0 
11.2 
7.6 
9.9 
3.0 
3.6 
5.2 

-  0.8 
2.9 
5.4 
4.0 
1.0 
1.1 
0  9 

-  2.0 

-  5.9 

-  6.6 

-  1  0 

24.2 
25.9 
21.9 
23.3 
17.6 

20.0 

19.8 
18.7 
16.0 
13.4 

12.0 

-  5.1 

9  6 

-15.0 
-25.0 
-28.3 
-29.2 
-29  6 
-25.7 
-21  8 
-22  3 
-25.8 
-28.1 

-  7.6 

-  6  5 

-  1.3 
-11.1 

—  14  5 

-15.2 
-14  5 

-12.0 

-  7.9 

-  8.2 

13  5 

0.9 

-  2.7 

-11.1 

9  1 

-27  0 

i.5 
23  5 

• 

-11   M 
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TARLE  I— Continued 


Plate  Number 

NUMUER 

Latitude 

Diurnal  Motion 

LONOITI   1    1        -        1  1  1V8  or  OB8EBVATION 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

1565 

1474' 

1516 

1517 

1518 

1519 

15i20 

1521 

1522 

1523 

1524 

1525 

1525' 

1520 

1527 

1528 

l.')29 

1530 

1.531 

1532 

1533 

-20?6 

-15.6 

-11.7 

-21.3 

12.8 

2.8 

7.5 

10.4 

14.1 

15  0 

16.8 

- 15 , 5 

13.3 

13  6 

18.9 

20.9 

21.5 

21.2 

26.7 

12.0 

13?56 
14.40 
14.31 
13.56 
13.65 
15.25 
14.31 
14.31 
14.22 
14.78 
14.78 
14.40 
13.65 
14.12 
13.56 
13.56 
14  22 
14.40 
13.47 
13.94 

12?.57 
13.41 
13.32 
12  57 
12.66 
14.26 
13.32 
13.32 
13.23 
13.79 
13.79 
13.41 

12  1)6 
13.13 
12.57 
12.57 

13  23 
13.41 
12.4,8 
12.95 

27?7 
-  2.0 
-17.9 
-23.1 

15.0 
-37.5 
-33.6 
-33.3 
-33.4 
-34.8 
-36.8 

16.0 
-36  2 
-39.0 
-31.1 
-29.3 
-32.8 
-37.8 
-35  2 
-42.1 

41?1 
12.3 

-  3.7 

-  9.7 
28.5 

-22.3 
-19.4 
-19.1 
-19.3 

Mar.  31,  '05 

9h4Sm 

-20.1 

-22.1 

30  3 

-22  7 
-25.0 
-17.7 
-15.9 

-18.7 
-23.5 

-21.9 
-28.3 

1572 

Apr.  1,  '05 

lli>23'" 

1588 

IS.W 
1857 
1S.>S 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1885 
1886 
1887 
1888 
1889 
1890 

-17.4 
-17.6 
-16.1 
-14.1 
-12  9 
-11.2 
-10.2 
-13.6 
-  9.2 
-10  7 
-16.3 
23.3 
18.6 
23.9 
24.9 
23.0 
-24.6 
-28.3 
-21.9 
-19.1 
-23.4 
-23.6 
-25.5 
-17.6 
-18.6 
-19.8 
-18.7 
-16. S 
-17.1 
-18.9 
-21.9 
-27.4 

14  .33 
14.02 
14.74 
14.43 
14.23 
14.02 
13 .  62 
14.84 
13.82 
14.64 
14.64 
14,23 
13.72 
13.41 
14.23 
13.62 
14.23 
14.43 
14.53 
14.74 
13.62 
13.92 
13 .  72 
13.92 
15.04 
14.23 
14.02 
14.74 
14.94 
13.92 
14.23 
14.33 

13  55 
13  04 
13.76 
13.45 
13.25 
13.04 

12  64 
13.86 
12.84 
13.66 

13  66 
13  25 
12,74 

12  43 

13  25 
12.64 
13.25 
13.45 
13.55 
13.76 
12.64 
12.94 
12.74 
12.94 
14.06 
13.25 
13  04 
13.76 
13.96 
12  94 
13.25 
13.35 

-  7  1 

-  9.3 
-11.2 
-15.2 
-16.2 
-14.7 
-10  2 

25.4 
21  9 
23.7 

-  7.8 
19.1 
17.0 
23  2 
24.9 
26.7 
21.1 
26  3 

4.9 

2.2 

2.1 

16.8 

15.3 

13.0 

21.3 

25.9 

-32.8 

-29.6 

-25.2 

-38.5 

-47.5 

8.8 

6.0 
3.5 

Apr.  17,  '05 

gi-ss- 

2.3 

-  2.0 

-  3.2 

-  1.9 
2.2 

39.0 
34.5 
37.1 
5.6 
32.1 
29.5 

35.4 
37.9 
39.1 
34.1 
39.5 
18.2 
15.7 
14.5 
29.5 

27.8 

25.7 

35.1 

38.9 

-20.0 

-16.1 

-11.5 

-25.8 

-34.5 

21.9 

1590 

Apr.  18,  '05 

9''31"' 

1601 

1891 
1892 
1893 
1894 

-14  1 
-15.4 
-20.6 
-20.3 

14.74 
14.36 
14.08 
13.79 

13.77 
13.39 
13.11 

12.82 

21.0 
18.9 
14.1 
11.8 

36  1 
33.0 
27.9 
25.3 

Apr.  28,  '05 

9''37°> 
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P  f  B  L  I  C  A  T  I  (I  \  S     OF    THE     Y  E  R  K  K  S     ()  H  S  E  H  V  A  T  O  U  V 


T\HI  V  I— r'on/tnucrf 


Pl-ite  Nvmbeb 

NUMBEB 

Latitl'de 

DiDBNAL  Motion 

Longitudes  on  Days  or  Obsebvation 

AND  Date 

Sidereal 

SjTiodic 

1 

2 

3 

4 

5 

6 

7 

1601  (cont.) 

1895 
1896 
1897 
1898 
1899 
1900 
1902 
1903 
Ht04 
1905 
190ti 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 

1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1910 
1941 
1942 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
195:i 
1954 
1955 
1950 
1957 
1959 
1960 

-23?9 
-26.3 
-27.5 
-28.5 
-27.3 
-10.9 

4.2. 

S.l 

4  9 
11.0 

9.8 
14.7 
19.1 
21.6 
20.8 
19.4 
10.8 

7.8 
19.9 

8.7 
11.5 
15  5 
17.7 
12  2 
10.1 
13.9 
18.7 
20.0 
21.8 
14. S 
16.0 
18.0 
21.3 

12 

-23  1 
-25.9 
-27.0 
-25  8 
-29  8 
-32  0 
-33  2 
-27.9 

-  0  1 
5.1 

-  8.7 
0  4 

19.9 
15.1 

17  0 

18  3 
25  2 
30  7 
IS  2 
IS  2 
15.1 
14.0 

K.7 

5  3 
14.4 
12  4 
10  K 
14  5 
12  0 

13?9S     '     13?01 
13.89          12.92 
14   46           13  49 

1         2^2 
4'3 
6.8 
9.0 

-  9.6 

-  3.0 
-17,2 
-22.0 
-10  2 
-11.1 
-15.7 
-10.2 
-19.8 
-IS. 8 
-11.4 
-12.2 
-26.8 
-29.1 
-38.0 
-32.7 
-33.2 
-32  2 

30.1 
7.6 
2.4 
0.1 

-  2.1 

-  2  0 
1.3 

-38.6 
-40  7 
-40.9 
-44.9 
-34.0 

15?9 
17.9 
20.8 
22.9 
3.3 
11.7 

-  2.1 

-  7.3 
4.5 
3.1 

-  1.9 

14.17 
13.22 
14.93 
15.31 
14.93 
14.93 
14.46 
14.08 
14.46 
14.08 
14.36 
13.60 
14.17 
14.65 
14.65 
14.65 
14  27 
13.51 
14.17 
15.41 
15.31 
13.89 
14  93 
14.27 
13.8!» 

14  27 
14.08 
13.98 
14.08 
13.41 

15  03 

13.20 

12  2.-) 

13  90 
'     14.34 
1      13.96 

13.96 
13.49 
13.11 
13.49 
13.11 
13.39 
12.63 
13.20 
13.68 
13.68 
13.68 
13.30 
12.54 
13.20 
14.44 
14.34 

12  92 

13  96 

13  30 
12  92 
13.30 
13.11 
13.01 
13.11 
12.44 

14  06 

4.0 

-  6.0 

-  4.7 
1.9 
1.7 

-12.4 
-14.7 
-23  6 
-18.7 
-20.0 
-18.3 
45.3 
22  7 

lii^o 

14.8 

11.9 

11.6 

15.3 

-21.8 

-27.0 

-27.1 

-31.8 

-19.2 

1604 

Apr.  20,  '05 
10^53"' 

1625 

14.31 
14.31 
14.01 
12.31 
13  41 

13  21 

12  61 
13.81 

14  62 
14.82 
14.01 

15  02 
14.11 
14.62 
14.42 
15.02 
14  21 

13  51 
11  92 

14  11 
14.11 
13.91 
15.12 
14  82 
14.11 
14.02 
15.02 
14  01 
14.02 

13  36 
13.36 
13  06 

1 1  3t) 
12.46 

12  20 

11  06 

12  86 
13.07 

13  87 
13.0<) 
14.07 

13  10 
13.67 
13.47 

14  07 
13  26 

12  56 

13  97 
13   10 

13  10 

12  90 

14  17 

13  S7 
13   10 

13  117 

14  07 
13  (Ki 
13  07 

27.8 

23.5 

18.5 

5  9 

-  1.0 

-  1.3 

-  2  5 
12.2 

0.6 
7.5 
-23.8 
-48.7 
-33.4 
-23.2 
-22:4 
-21.0 
-19.3 
-20  5 
-IS  0 
-15  2 
- 1 7  9 
-20  7 
-17  2 
-14   4 
-10   1 

-  9.0 

-  8  (i 

-  7  0 

-  1  (1 

41    1 

36  8 

Mav  26   '05 

]Qh]()li. 

31   5 

17  2 
114 
11)  9 
9.1 
25.0 

20  2 

21  3 

-10.8 
-34.7 
-20.3 

-  9.0 

-  9.0 

-  7.0 

-  0.1 

-  SO 

-  1   I 

-  2    1 

-  18 

-  7.S 

-  3   1 

-  0  6 

3  0 

4  0 

5  4 
0  0 

12.0 

1 
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TABLE  I— Continued 


Plate  Number 

Number 

Latitude 

Diurnal  Motion 

LONOITUDEB  ON    ]>■.-,  ~   ..1    OBSERVATION 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

1625  {conl.) 

1961 
1962 
1963 
19()4 
19()5 
19()6 

8?5 

16.8 

4.6 

8.3 

17.9 

23.7 

14?52 
13.31 
14.42 
14.72 
14.52 
14.31 

13?57 
12.36 
13.47 
13.77 
13.57 
13.36 

-  0?6 

-  0.6 

-  8.8 
-10.5 

-  6.2 
11.5 

12?9 

11.7 

4.6 

3.2 

7.3 

24.8 

1626 

Muv  27,  '05 

lOi'OS"" 

1630 

.   1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
19S2 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 

1990 
2000 
2001 
2002 
2003 
2004 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2016' 

2017 
2018 
2019 
2020 
2021 
2022 

IS  8 
17.5 
18.2 
3.6 
2.6 
23.3 
26.0 
20.1 
19.1 
3.2 
21.1 
24.4 
26.8 
27.6 
14.2 
18.5 
15.5 
13.1 
-11.9 
23.2 
24.3 
25.5 
27.0 

-  9.7 
-14.6 
-20.3 
-27.0 
-23.0 
-20.2 

0.3 

4.0 

31.0 

-20.1 
28.0 
29.6 
33.3 
24.4 

-  9.1 
8.4 

28.3 
19.4 
19.3 
23.1 
29.7 
-17  7 
-22.3 
10.4 
29.3 
32.0 

22.4 
-11.7 
16.9 
20.0 
19  1 
9.1 

13.89 
13.85 
14.25 
14.56 
14.97 
14.77 
13.33 
14.25 
13.54 
14.05 
14.13 
13.81 
13.95 
14.05 
14.36 
14.19 
14.66 
14.20 
14.34 
13.67 
14.46 
13.64 
14.97 
14.97 
14.46 
14.15 
14.04 
14.66 
13.85 
14.66 
15.28 
13.37 

13.87 
13.49 
13.77 
13.96 
13.71 
14.34 
14.46 
13.30 
13.87 
13.71 
13.84 
13.01 
14.61 
14.01 
15.10 
13.37 
13.19 

13.85 
14.68 
13.96 
13.99 
13.85 
14.89 

12  94 
12.90 
13.30 
13.61 
14.02 
13.82 
12.38 
13.30 
12.59 
13.10 
13.18 
12.86 
13.00 
13.10 
13.41 
13.24 
13.71 
13.25 
13.39 
12.72 
13.51 
12.69 
14.02 
14.02 
13.51 
13.20 
13.09 
13.71 
12.90 
13.71 
14.33 
12.42 

12:92 
12.54 
12.82 
13.01 
12.76 
13.39 
13.51 
12.35 
12.92 
12.76 
12.89 
12.06 
13.66 
13.06 
14.15 
12.42 
12.24 

12.90 
13.73 
13.01 
13.04 
12.90 
13.94 

-10.1 

-  9.4 

-  5.9 
2.0 
1.3 

33.0 

28.3 

32.0 

30.3 

3.3 

-23.9 

-21.2 

-25.2 

-27.1 

-11.5 

-14.0 

-16.1 

-12.2 

-30.8 

-26.1 

-29.6 

-29.4 

-33.8 

-35.1 

-15.8 

5.1 

8.0 

9.6 

10.7 

0.6 

16.0 

13.5 

-30.1 
28.3 
-24.8 
-34.9 
-15.0 
-21.4 
-44.7 
22.1 
-14.9 
-17.4 
-20.1 
-28. 6 
-28.7 
-40.9 
-42.9 
-37.5 
-42.9 

6.7 

-  3.0 
13.0 

0.4 

10.8 

-33.5 

3.1 

3.5 

7.1 

15.3 

15.0 

46.5 

40.4 

45.0 

42.6 

9  5 

16?3 
16.9 

28?9 

Mav  31,  '05 

lO'-SO™ 

-11.3 
-  8.9 
-12.5 
-14  3 

3.3 
4.3 

15.4 
17.7 

* 

43?2 

1.6 

-  0.2 

-  2.7 
.  0.7 

-17.2 
-14.1 
-16.4 
-17.0 
-20.1 
-21.4 

-  2.6 
18.0 
22.1 
23.0 
23.3 
14.0 
30.0 
25.2 

-16.1 

41.6 

-10.8 

-21.1 

-  1.6 

-  7.2 
-30.2 

35.2 

-  1.2 

-  4.0 

-  6.6 
-16.2 
-14.2 
-27.2 
-27.9 
-24.3 
-30.0 

19.1 
10.2 
25.5 
12.5 
23.2 
-20.1 

13.3 

25.9 

14.8 
—  3  5 

-  0.2 

34.7 

38.8 
-  4.0 

1634 

June  1,  '05 

lOi-OS" 

1.1 

10.8 

-17.2 

10?2 

22.9 

8.0 
6.0 

-  4.8 

-  1.0 
-14.5 

34.6 
31.8 
19.7 
26.7 

46.1 
44.5 
31.8 
39.6 

-12.1 

-17.6 

12.8 
6.8  . 

1640 

18.3 

June  2,  '05 

ll''30°' 

39.3 
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1  ABLE  1—CotUinued 


Plate  Xcuber 
AND  Date 


Number 


Latitude 


Diurnal  Motion 


Longitudes  on  Days  op  Observation 


Sidereal 


Synodic 


1640  (conl.) 


lt>44 

Juno  3,  '05 

10''34'° 


1648 
Junt'  5,  '05 


16r)C 

Juni*  6.  '05  ■ 

10*0S'» 


1662 

June  8,  '05 

9'"30°' 


2023 
2024 
2025 
2026 
2027 
2028 
2029 
2027' 

2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2013 
2044 
2045 

2046 
2047 
2048 
2049 
2050 
2051 
2052 
2a53 
2a'>4 
2a55 
2056 
2057 
20.5S 
2060 
2061 
2062 
2063 
2064 
2065 
2068 
2069 
2070 

2071 
2074 
2075 
2076 
2077 


9?0 

S.I 

11.5 

-13.9 

11.9 

-19.1 

7.7 

-17.2 

-21.5 
-18.4 
-23  3 
0.3 
11.5 
26.4 
23.7 
26.3 
14.2 
28.4 
32.4 
11. S 
15.1 
17.7 
17.5 
16.0 

29.6 
32  1 
31.2 

35;5 

35.1 
37.5 
44.9 
43.3 
40.3 
10.7 
11.8 
6.3 
13.7 
22  4 
21.5 
27.0 
22.7 
12.3 
-22  4 
-17.3 

-  7.7 
16.2 

8.9 

-  4.4 

-  7.8 

-  9.1 
14.2 


14?06 
14.16 
14.18 
15.20 
14.28 
14.89 
13.75 
15.31 

12.98 
13.98 

13  62 

14  24 
14  (is 
13,17 
14  02 
14.01 
14  (55 
12  00 
14  10 
14  2(5 
14  44 
14.32 
13.77 
1 3.8(5 

13.96 
13.33 
14.07 
13.96 
11.87 
14.07 
13.12 
13.75 
12.18 
14.45 
14.48 
14.65 
14. 2S 
13.96 
14.59 
14.39 
14.59 
14.14 
14.38 
14.91 
14.35 
14.80 

14.93 
14.53 
15.34 
14.63 
14.28 


13?11 
13  21 
13.23 
14.25 
13.33 
13.94 

12  80 
14.30 

12.03 
13.03 
12.157 

13  2!) 
13  73 

1 2  22 

13  07 
13.06 
13.70 

1 1 .  95 
13.15 
13.31 
13  49 
13.37 

12 .  82 
12.91 

13.01 
12.38 
13  12 
13.01 
10.92 
13.12 
12.17 
12.80 
11.23 
13.50 
13.53 
13.70 
13.33 
13.01 
13.64 
13.44 
13.64 
13.19 
14.43 
13.96 
13.40 
13.85 

13.98 
13.. 58 
14.39 
13  68 
13.33 


-35?3 
-36.5 
-40.2 
-16.9 
-29.1 
-19.5 
-37.4 
-16.9 

-10.3 
-13.3 
-15  6 
-30.3 
-32.1 

-  0.1 
8.0 
9  2 

-18.6 
-10.0 

-  9.2 
-14.3 
-32.1 
-31.5 
-33.6 
-34.4 


23 

17 

11 

12 

19 

20 

23 
5.0 
5.7 
3.1 

-  6.5 
-23.3 
-18.2 

-  6.6 
-35.0 
-29.7 

23.1 

-  1.5 
-41.0 

-  1.0 


20.1 
-46.9 
-43.2 
-44.0 

11.3 


-22?7 
-23^8 
-27.7 

-  3.2 
-16.6 

-  6.1 
-25.1 
-31 


39.5 

39.0 

35.9 

29.5 

21.6 

24.9 

31.2 

32.9 

34.2 

17.8 

18.1 

16.2 

6.2 

-11.2 

-  5.2 

6.0 

-22.0 

-17.1 

35.9 

11.8 

-28.3 

12.2 


0?5 


11?8 


10.6 


23.4 


13?3 
13.0 
10.1 

-  3.1 

-  4.1 
24  7 
34.0 
35.5 

•  9.2 
14.8 
17.1 
12.7 

-  5.3 

-  4.5 

-  6.9 

-  7.8 


25.8 
25.6 


9.4 

8.8 


47.1 
48.2 


25.5 
30.1 


47.7 
-20.1 
-14.8 
-17.0 

37.6 


7.9 

8.4 
5.1 
4  0 


44.5 
45.2 
43.2 


14.7 

32!7 

•'8.9 


-   1.8 


35?6 


34.7 

ua' 


166(5 
June  13.  '05 


207.S 
2079 
20S0 
20S1 
1'0^2 


-11  s 
-13  3 
-11  4 

-  9.8 

-  8.7 
-16  8 

-  19  5 

I.".  I 


15  03 
14  29 
14  01 

13  75 
13.88 

14  37 
14.02 
14  65 
14  90 


14  OS 

13  34 
I3()6 

12  SO 

12  93 

13  42 
13  07 
13  70 
13  95 


24  2 
17  5 
15  3 
12  5 
12  2 
17  4 
17  I 
19  3 
19  3 
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TABLE  I— Continued 


Plate  Number 

Number 

Latitude 

Diubjjal  Motion 

LONOITCDEB 

JN  Days  or  Obsebvation 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

a 

7 

1666  {cont.) 

2087 
2088 
2089 
2090 
2091 
2092 
2093 
2094 
2095 
2096 
2097 
2098 
2099 
.2100 
2101 
2102 
2103 
2104 
2105 
2106 
2107 
2108 
2109 
2110 
2111 
2112 
2113 
2114 
2115 
2116 
2117 
2118 
2119 
2120 
2121 
2& 
2124 
2125 
2126 
2127 
2128 
2129 
2130 
2131 
2132 
2133 
2134 
2135 
2136 
2137 
2138 
2139 
2140 
2141 

2142 
2143 
2144 
2145 
2146 
2147 
2148 
2149 

2150 
2151 
2152 
2153 

2154 
2155 

-23?5 
-18.9 
1772 
-23.3 
-21.1 
-14.9 
-15.6 
-17.7 
-13.9 
-20.1 
-23.2 
-18.0 
-19.8 
-22.2 
-16.6 
-13.7 
-15.4 
-18.9 
-17.3 
-17.9 
-19.8 
-11.9 
-14.3 
-19.7 
-17.9 
-15.8 
-16.2 
-16.3 
-19.0 
5.3 
7.6 
10.9 
8.5 
5.5 
3.0 
23.7 
25.2 
21.9 
20.5 
19.3 
20.7 
18.5 
15.5 
23.7 
21.0 
21.2 
18.1 
17.0 
14.8 
-17.8 
-19.2 
-20.7 
-18.2 
16.8 

-16.8 
-14.6 
-19.3 
-21.1 
1.9 
-15.8 
21.1 
-19.4 

-24.9 

12.3 

-10.2 

-21.7 

20.2 

23.9 

13?73 

14.33 

14.90 

13.89 

14.14 

14.01 

14.38 

14.23 

14.77 

14.39 

14.44 

13.24 

13.24 

13.86 

14.39 

14.70 

14.18 

13.75 

14.29 

13.24 

14,13 

13.24 

14.19 

14.60 

14.76 

14.47 

13.75 

14.17 

14.42 

14.35 

14.79 

13.90 

14.29 

14.76 

14.61 

13.88 

14.45 

13.62 

14.65 

13.65 

13.37 

13.82 

14.23 

14.13 

14.02 

15.29 

15.06 

14.52 

14.01 

15.02 

13.24 

13.49 

14.87 

13.74 

14.76 
14.57 
15.13 
15.08 
14.47 
14.47 
14.06 
14.47 

14.73 
14.73 
14.73 
14.48 
13.47 
14.86 

12?78 

13.38 

13.95 

12.94 

13.19 

13.06 

13.43 

13.28 

13.82 

13.44 

13.49 

12.29 

12.29 

12.91 

13.44 

13.75 

13.23 

12.80 

13.34 

12.29 

13.18 

12.29 

13.24 

13.65 

13. Si 

13.52 

12.80 

13.22 

13.47 

13.40 

13.84 

12.95 

13.34 

13.81 

13.66 

12.93 

13.50 

12.67 

13.70 

12.70 

12.42 

12.87 

13.28 

13.18 

13.07 

14.34 

14.11 

13.57 

13.06 

14.07 

12.29 

12.54 

13.92 

12.79 

13.81 
13.62 
14.18 
14.13 
13.52 
13.52 
13.11 
13 .  52 

13.78 
13.78 
13.78 
13.53 
12.52 
13.91 

10?  1 
7.2 

26.3 
4.8 
3.5 
3.3 
1.4 
1.5 
0.4 
0.4 
0.1 

-  0.8 

-  1.3 

-  3.0 

-  3.0 

-  5.0 

-  6.8 

-  7.0 

-  8.1 
-10.4 
-10.0 

-  9.7 
-12.0 
-14.2 
-14.2 
-14.7 
—16.3 
-20.2 
-19.8 
-15.0 
-16.2 
-19.6 
-23.9 
-25.7 
-26.8 

-  5.9 
0.0 

-  4.5 

-  6.0 

-  4.0 

-  0.2 

-  2.3 
1.9 

14.9 
12.7 
18.5 
14.6 
17.6 
17.8 
-12.0 
-13.0 

-  6.8 

-  6.5 

-  6.6 

15.3 

-  8.2 

-  6.6 

-  6.9 
1.6 

22.5 
7.2 
3.5 

37.4 
32.9 
12.3 
27.0 
30.5 
20.2 

20?2 
17.3 
37.2 
14.8 
13.9 
13.5 

35?5 
33.8 

44  ?2 

30.5 
30.1 

40.0 

11.5 

12.0 

11.2 

10.9 

10.4 

8.8 

8.3 

7.3 

7.5 

5.0 

3.0 

3.0 

1.1 

-  0.8 
0.3 

-  0.1 

-  1.7 

-  4.5 

-  4.5 

-  4.3 

-  6.3 
-10.8 

-  9.7 

-  5.1 

-  5.8 

-  9.7 
-13.5 
-16.0 
-17.2 

4.2 

9.7 

5.4 

4.7 

5.1 

9.5 

7.6 

11.3 

25.2 

23.2 

29.7 

24.6 

28.2 

28.0 

-  2.1 

-  3.4 
3.0 
4.3 
3.3 

31.7 
8.9 
10.5 
10.9 
17.9 
38.8 
23.0 
19.8 

48.3 
43.8 
23.2 
37.7 
40.4 
31.2 

27.5 
27.9 

38.8 

26.8 

37.5 

22.8 

32.9 

22.0 
19.3 

32.5 

29.8 

17.8 

28.7 

14.3 
12.8 
13.0 
12.1 

23.8 
22.8 

5.9 
6.8 
11.1 
11.2 
6.1 
2.6 
1.0 
0.4 

16.2 
17.5 
22,2 
22.1 

12.5 

26.7 

20.8 

31.1 

23.2 
28.0 

33.4 
38.5 

38.7 

42.5 

15.8 

18.8 

42.9 
18.9 
21.7 
21.2 

1668 

June  14,  '05 

10''09°' 

30.9 

1677 

June  15,  '05 

3''05™ 
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TABLE  l—Coiiiinudl 


Plate  Number 

NCUBER 

Latitude 

DiDBKAL  Motion 

Longitudes  on  Dats  op  Observation 

AND  Date 

Sidereal 

Synodic 

1 

3 

4 

5 

G 

7 

1677  (con/.) 

2156 
215S 
21.59 
2160 
2161 
2162 

11?3 
10.4 
11.4 
13,7 
3  8 
21,6 

13?72 
13.59 
13.72 
13.97 
15  36 
14  35 

12?77 
12.64 
12.77 
13.02 
14  41 
13  40 

-29?2 
-34.7 
-31.0 
-36.3 
-  6.9 
25.7 

-19?1 
-24.7 
-20.9 
-26.0 
4.5 
36  3 

1682 

June  16    '05 

10hQ4m 

16S6 

2163 
2164 
2165 
2166 
2167 
216.S 
216!) 
2170 
2171 
2172 
3173 
'2174 
2175 
2176 
2177 
217S 
2179 
2180 
2181 
2182 
2183 
2184 
2185 
2186 
2187 
2  IKS 
2189 
2190 
2191 
2192 
2193 
2195 
2196 
2l".t7 
21!t".l 
22(M) 
2201 
22(n' 
220.3 
2204 

2206 
2207 
2208 
2209 
2210 
2211 
2212 

14.8 
15.4 
12.6 
12.7 
18.6 
4.S 
2,7 
15,0 
14.9 
12,2 

18  7 

19  7 
30,0 

-24,1 

-21  2 

-19  3 

-20, S 

-23,7 

-27.3 

-29.8 

-24.7 

-30.9 

-27.1 

-27.3 

-14,2 

20,0 

17,2 

11.3 

10.6 

11.5 

8.2 

6.5 

5.2 

5.9 

21  3 

20  K 
Hi  7 
16  S 
10  S 

19  6 

22.3 

16.5 

8.4 

5.1 

21.6 

20  2 
18,2 

14.99 
14.59 
15.20 
14.79 
14.89 
15  20 
15,()0 
14.89 
13.91 
14  06 

14  01 

15  20 
13.47 
13.26 
14.18 
13.87 
15.10 
14.59 
13.47 
14.18 
14.08 
13.67 
13.37 
14.08 
13.87 
14.00 
13,57 
15,30 
14,99 
14,09 
14.38 
14.28 
14.28 
14.89 

13  78 
13.96 

14  07 
13  (ill 
13  (i7 
14.09 

13.11 
13.86 
13.41 
14.61 
14.06 

13  31 

14  31 

14.04 
13.64 
14.25 
13.84 
13.94 
14.25 
14.65 
13.94 
12.96 
13  11 
13.011 
M.25 
12.52 
12.31 
13.23 
12.92 
14.15 
13.64 
12.52 
13.23 
13.13 
12.72 
12.42 
13.13 
12.92 
13.05 
12.62 
14.35 
14.04 
13.14 
13.43 
13.33 
13  33 
13.94 
12.83 
13.01 
13  12 
12.71 
12.72 
13  14 

12.16 
12  91 

12  46 
13.66 

13  U 
12  36 
13.36 

15.0 
12.3 
14.0 
17.9 
27.3 
31.9 
19.0 
4.7 

-  4.7 
0  3 

-  4.5 
7.4 

21,7 

12,9 

15,0 

IS,  3 

19,9 

19,6 

18,0 

22.2 

6.8 

7.5 

7.0 

13.5 

15.0 

-23.1 

-20.3 

-17.8 

-15.9 

-12.1 

-15.7 

-  9.5 
-19.5 
-24.5 
-27.2 
-31.1 
-33.3 
-35.3 
-39.5 
-44.1 

9.8 
5.7 
5.8 
6.1 

-  3.2 

-  5.1 
0.9 

28.8 
25.7 
28.0 
31.5 
41.0 
45.9 
33.4 
18.4 

8.4 
13.2 

8.2 
21.4 
34.0 
25.0 
28.0 
31.0 
33.8 
33.0 
30.3 
35.2 
19.7 
20.0 
19.2 
26.4 
27.7 
-10.3 

-  7.9 

-  3.7 

-  2.1 
0.9 

-  2.5 
3.6 

-  6.4 
-10.8 
-13.9 
-18.2 
-20.5 
-22.8 
-26.1 
-31.0 

Juno  21.  '05 

U''00"' 

' 

34?0 
39.5 
34.5 

15.9 

27.2 

34  °2 

11.3 

7.8 

5.9 

2.7 

—   1  3 

-   4  s 

1689 

Juno  22,  '05 

31   1. 
30  h 

10KJ5'» 

33.5 
23.1 
19  7 
27.7 

1692 

June  24.  '05 

10*44  ■» 



•Jl    4 
17  8 
12   1 

3.".  » 
32.9 
27  R 

2202 



2213 
2211 

221.'. 

4  9 

7  9 
116 

14.36 
14.92 
16.47 

13  39 

13  95 

14  50 

Apr.  26,  '07 

9'I5"- 



1 
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TABLE  I— Continued 


Pl.\te  Number 

Number 

Latitude 

DinnNAL  Motion 

LoNaiTUi>i>  "\  l>  ^  1  -  "i  *  hi-h  n  .  ■,  M'.  . 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

G 

7 

2202  icont.) 

2216 
2217 
2218 
2219 
2220 
2221 
2222 
2223 
2224 
2225 
2226 
2227 
2228 
2229 
2230 
2231 
2232 
2233 
2234 
2235 
2237 
2238 
2239 
2240 
2241 
2242 
2243 
2244 
2245 
2246 
2247 
2248 

17?4 

12.9 

17   1 

17  0 

16  9 

12.7 

15.5 

19.8 

23.8 

17,1 

11)  (i 

7.9 

9.1 

4.7 

7.5 

0.1 

-  0.3 
20.3 
34.9 
38.6 

-  8.1 

-  8.7 

-  6.2 
-12.6 
-16.4 
-17.2 
-16.4 
-16.3 
-13.9 
-15.9 
-18.8 

5.8 

14?64 
13.90 
15.38 
15.01 
15.10 
15.10 
15.29 
14.64 
14.27 
15.01 
14.92 
15.19 
15.01 
14.55 
14.73 
14.92 
15.10 
13.72 
13.99 
14.09 
14.46 
14.92 
14.92 
14.73 
13.53 
14.55 
14.64 
14.27 
13.72 
12.89 
13.90 
14.46 

13?67 
12.93 
14.41 
14.04 
14.13 
14.13 
14.32 
13.67 
13.30 
14.04 
13.95 
14.22 
14.04 
13.58 
13.76 
13.95 
14.13 
12.75 
13.02 
13.12 
13.49 
13.95 
13.95 
13.76 
12.56 
13.58 
13.67 
13.30 
12.75 
11.92 
12.93 
13.49 

22?0 

29  0 

32.9 

30.7 

28.2 

33.5 

8.7 

5.0 

0.9 

2.8 

7.4 

14.0 

15.1 

13.7 

7.2 

0.4 

-  1.7 

-  3.8 
-12.0 
-16.0 
-14.2 
-19.2 
-17.7 

33.5 
20.0 
18.0 
—22.2 
-26 'o 
-28.8 
-39.5 
-43.5 
-14.0 

36?8 
43.0 
48.5 
45.9 
43.5 
48.8 
24.2 
19.8 
15.3 
18.0 
22  5 

29.4 
30.3 
28.4 
22.1 
15.5 
13.6 
10.0 
2.1 

-  1.8 
0.4 

-  4.1 

r-     2.6 

48.4 
33.6 
32.7 

-  7.4 
-11.6 
-15.0 
-26.6 
-29  5 



0.6 

2208 

Apr.  27,  '07 

11H4'» 

2209 

2249 
2250 
2251 
2252 
2253 
2255 
2256 
2257 
2258 
2259 
2260 
2261 
2262 
2263 
2264 
2265 
2266 
2267 
2271 
2272 
2273 
2274 
2275 
2276 
2277 
2278 
2279 
2280 
2281 
2282 
2283 
2284 

16.6 

18.6 

16.7 

12.2 

11.1 

11.1 

13.5 

16.5 

14.0 

11.2 

8.0 

19.2 

21.5 

24.5 

-19.5 

-20.8 

-16.9 

-20.6 

-17.2 

-17.0 

-22.2 

-22.3 

-20.2 

-16.1 

-17.1 

-12.2 

-  4.8 

-15.0 

-16.4 

-14.7 

-16.9 

-18.5 

14.89 
13.98 
14.03 
13.35 
13.35 
14.28 
14.59 
13.94 
14.04 
13.55 
14.30 
14.54 
13.85 
14.26 
14.93 
15.03 
14.34 
14.84 
14.25 
13.74 
13.94 
14.18 
13.94 
14.14 
13.65 
13.45 
15.03 
13.75 
14.71 
14.50 
14.36 
14.70 

13.92 
13.01 
13.06 
12.38 
12.38 
13.31 
13.62 
12.97 
13.07 
12.58 
13.33 
13.57 
12.88 
13.29 
13.96 
14.06 
13.37 
13.87 
13.28 
12.77 
12.97 
13.21 
12.97 
13.17 
12.68 
12.48 
14.06 
12.78 
13.74 
13.53 
13.39 
13.73 

0.2 

-  1.7 

-  2.2 

-  0.1 

-  0.3 

-  5.2 

-  6.0 

-  8.5 

-  8.9 
1.5 

-  7.0 
-11.7 

-  5.2 

-  8.7 
15.7 
20.4 
22  7 
22'8 

-11.6 
-13.2 

-  9.0 
-13.8 

-  4.2 

-  9.8 

-  8.0 
-11.8 
-17.9 
-21.0 
-23.1 
-24.1 
-27.8 
-32.5 

14.9 

11.5 

10,7 

12.4 

12.2 

8.2 

7.0 

4.8 

4.3 

14.2 

6.1 

2.0 

42?7 
37.9 
37.5 

May  1,  '07 

8''52"> 

35.3 
35.3 

33.5 

34.0 
31.8 

4.9 
29.8 
34.6 
36.2 
36.8 

1.7 

-  0.1 
2.7 

-  1.0 
8.0 
3.5 
4.8 
0.8 

-  3.7 

-  7.6 

-  9.4 

-  9.9 
-14.1 
-18.7 

28.8 
25.7 
30.2 
26.3 
35.1 

18.0 
18.7 
17.2 
13.0 
9.3 
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TAKT  K  \~r<-lhiued 


Platk  Ncuber 
AND  Date 


NUIIBER 


2209  (con/.i 


2220 
Mav  2,  '07 

gi-oe" 

2224 

May  4,  '07 

9''55" 


2226 

Mav  6,  '07 

gMO" 


2238 

May  7,  '07 

9''l."."' 


•_'-_'S.i 
U'-Jsti 
2Js7 
22SS 
22S9 
2290 
2291 
2292 
2293 
2294 
2295 
2296 
2297 
229S 
2299 
2300 
2301 

2302 
2254 


2302' 
2303 
2304 
2305 
2300 
2307 
2308 
2309 
2310 
2311 
2312 
2313 
2314 
2315 
2316 
2317 

2319 
2320 
2321 
2322 
2323 
2324 
2325 
2326 
2327 
2328 
2329 
2330 
2331 
2332 
2333 

2335 
2330 
2337 
2338 
2339 
2340 
2341 
2342 
2343 
2344 
2345 
2340 
2347 
234*< 


Latitude 


-  7?0 
■10.3 
-19.4 
-10.5 

13  6 
18  1 

14  3 
10.9 
13  0 
10.1 
11.9 

8.5 

8.5 

7.0 

29.4 

18. S 

31.2 

10.8 
11.4 


16.2 
-21.1 
-25.7 
-24.3 
-29.5 
-29.7 
-29.3 
-37.6 
-25.6 
-21.0 
-18.4 
-17.8 
-15.4 
-15.0 
-11.6 
-20.9 

9.0 
-30  3 
-17.9 
-17.1 
-17.2 
-10.9 

-  6.3 
-12.5 
-37.2 

17,2 
-11.1 
-20.5 
14.4 
15.0 
14.4 

-13  4 
-16.2 
-13.7 

-  9.6 
-12.5 
-13.5 
-18,1 
-34  2 
-27,1 

-  8.7 
-11.9 
-16.8 
-18  2 
-19  2 


DtUUNAL  ^loTlON 


Sidereal 


14?25 
14.54 
14.19 
14.93 
14  20 

13  93 
14.26 
13.99 
14. IS 
14.04 
14.24 
14.64 
14.44 
14.04 
13.73 
14.10 
13.84 

14.15 

14  .54 


11  oO 
14.44 
15.28 
13.93 
13.88 
13.98 
14.01 
13,63 
13,93 
14.53 
14.53 
14.50 
14.49 
14.41 
14.40 
13.90 

13.21 
14  29 
14  40 
13.62 
13.32 
14.69 
14.47 
14.61 
13.63 
14.31 
14.31 
13.72 
15.21 
13.72 
14  31 

14.87 
14.58 
14.88 
14.78 
14.26 
14  26 
14.36 
13.70 
13.92 
15,58 

14  37 
14,97 
14,77 

15  13 


Synodic 


13?28 
13.57 
13.22 
13.96 
13  23 
12.96 
13.29 
13.02 
13.21 
13.07 
13.27 
13.67 
13.47 
13.07 
12.76 
13.13 
12.87 

13.18 
13.57 


i;i.;i4" 
13.48 
14.32 
12.97 
12.92 
13  02 
13.05 
12.67 
12.97 
13.57 
13.57 
13,54 
13.53 
13.45 
13.44 
12,94 

12,25 
13,33 
13,50 
12.66 
12.36 
13.73 
13.51 
13.65 
12,67 
13,35 
13,35 
12.76 
14.25 
12,76 
13-35 

13,91 
13,62 
13.92 
13,82 
13.30 
13.30 
13.40 
12.80 
12.96 
14.62 
13.41 
14.01 
13  81 
14.17 


LOKOITDDES  ON  DaYS  OP  ObBEBVATION 


-24:7 
-29.7 
-36.2 
-24.1 
-28.9 
-29.6 
-35,6 
-24.4 
-24.6 
-25.4 
-27.5 
-31.1 
-32.6 
-34.3 
-42.2 
-37.0 
-39.0 

-18.8 
10.2 


5.2 
-22.4 
-11.3 
-26.1 
-25.0 
-31.4 
-34.8 
-38,0 
-30,2 
-44,8 
-42,6 
-35.4 
-31.8 
-46.5 
-41,0 
-15.9 


28 
3 
-19 
-27 
-29 
-35 
-38,8 

-  8.7 
-24.3 

22  2 
30,0 
30,3 
19.7 
23,3 
28,9 

-35.5 
-36.1 
-37,7 
-28.6 
-39.2 
-40,4 
-34.1 

-  4.0 
8,7 
2,0 

-23,8 

-26,5 

0,4 

-  8,2 


-  lury 
-16.0 
-22.5 
-10.0 
-15.2 
-16.2 
-22.0 
-11.4 
-12.0 
-12.2 
-14.1 
-17.3 
-19.0 
-20.6 
-30.0 
-24.0 
-26.0 


42.0 

17.5 

-  6.9 

-14.5 

-16.8 

-21.5 

-25.4 

5.0 

-11.7 

35.6 

43.4 

43.1 

34.0 

36.1 

42.3 

-21.8 

-22.8 

-24.1 

-14.5 

-26.1 

-27.3 

-20.9 

8.0 

21.8 

16.4 

-10.8 

-12.7 

14.0 

6  3 


8?0 
37.8 


32.2 
4.6 

17.2 
0.0 
0.7 

-  5.5 

-  8.5 
-12.5 

-  4.4 
-17.8 
-15.6 

-  8.7 

-  5.3 
-20.2 
-14.1 

9.4 


30.2 
7.1 


-.5.2 
-13.1 


0.9 


-  9.2 
-10.2 

-  1.3 


34,3 
"2;7 


19  8 


15?8 


11,8 

9,7 

5.2 

15,2 

14.8 


5.5 

-3.5 

2.9 


45.0 
17.9 


12.6 


4.9 
0.0 


5.2 

8.8 

7.3 

-  0.8 

22.8 


20.7 


1.8 


25?6 


16.9 
11.8 


6.7 


35.7 


37?7 
35.8 
31.3 


41.8 


31.3 


45?1 


25.4 


20.4 
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TABLE  I— Continued 


Plate  Ndmber 

Number 

Latitude 

Diurnal  Motion 

LONOiTDDEa  ON  Dats  Or  Observation 

AND   DatB 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

2238  (mnt.) 

2347' 
2342' 

2350 
2351 
2352 
2353 
2354 
2355 
2356 
2357 
2358 

2361 

2362 
2363 
2365 
2366 

-16?5 
-17.6 

-38. 2 
-15.4 
-  6.6 
-19.4 
-31.0 
-33.4 
-35.6 
-15.6 
7.7 

-17.4 

-16.7 

-18.4 

15.9 

14.0 

14°67 
13.97 

13.47 
14.28 
14.. 58 
14.28 
13.47 
14. 58 
13.78 
14. 55 
14.68 

14.52 

14. 30 
13.69 
14.15 
13.74 

13?71 
13.01 

12.51 
13.32 
13.62 
13.32 
12.51 
13.62 
12.82 
13. 59 
13.72 

13. .56 

13  .34 
12.73 
13.19 
12.78 

-33?7 
-12.7 

5.5 

9.9 

19.2 

9.6 

4.0 

11.3 

5.2 

-29.4 

-16.8 

-  7.0 

-.36.9 
-25.2 
-26.0 
-23.6 

-20?2 
0.2 

17,9 

13?0 

224fi 

May  8,  '07 

23,1 
32.7 
22.8 
16.2 
24,8 
17.9 
-16.0 
-  3.2 

9''23°> 

12?0 

39?3 

2250 
May  9,  '07 

20.6 

-10.9 

-  0.4 

-  0.3 

4S?0 

9M0'" 

2258 
May  11,' 07 

UNO™ 

1,3 

2260 

May  13,  '07 

10''26'» 

2265 

2367 
2368 
2369 
2370 
2371 
2372 
2373 
2374 
2375 
2376 
2377 
2378 
2379 
2380 
2381 
2382 
2383 
23R4 
2385 
2386 
2387 
2388 
2389 
2390 
2.391 
2392 
2393 
2394 
239.5" 
2396 
2397 
239S 
2399 

2400 
2401 
2402 

2403 
2404 
2405 
2406 
2407 
2408 
2409 
2411 

-16.8 

-16.1 

-20.8 

-20.0 

-17.6 

-17.2 

-15.5 

-23.1 

-12,9 

-13.1 

-25.2 

13.6 

4.0 

9.7 

6.9 

5.7 

10.9 

,18.5 

20.0 

8.2 

6.9 

4.7 

8.1 

11.2 

10.7 

IS. 9 

20. S 

23.2 

-23.8 

-23.1 

12.4 

11.3 

9.1 

6.0 

-18.3 

7.6 

12.2 

14.8 

8.8 

8.8 

-24.6 

-14.6 

-15.5 

-13.6 

15. 50 
14.34 
15.08 
14.76 
14.65 
14.65 
14.55 
13.60 
14.55 
14.. 55 
14.76 
14.44 
15.39 
16.02 
15. 39 
15.39 
14.97 
13. 52 
14.02 
14.26 
14.15 
14.26 
14.38 
14.. 55 
14.65 
13.92 
13.58 
12.97 
14.44 
14.13 
13.92 
14.13 
15.60 

13  95 
14.91 
14.24 

14.09 
14.59 
14.29 
14.09 
14.19 
14.09 
14.59 
14.29 

14.. 54 
13.38 
14.12 
13.80 
13.69 
13.69 
1 3 .  59 
12.64 
13. .59 
13.. 59 
13.80 
13.48 
14.43 
15.06 
14.43 
14.43 
14.01 
12.56 
13.06 
13. 30 
13.19 
13.30 
13.42 
13.59 
13.69 
12  96 
12.62 
12.01 
13.48 
13.17 
12.96 
13.17 
14.64 

12.99 
13.95 
13.28 

13.13 
13.63 
13.33 
13.13 
13.23 
13.13 
13.63 
13.33 

25.3 
20  5 
29.0 
33.0 
36.3 
33.8 
31.0 
16.9 
2.4 

-  8.9 

-  3.5 
0.3 
9.3 
5.0 
3.8 

-  3.7 

-  6.6 

-  8.3 
11.9 

-26.8 
-23.9 
-.30.2 
-32.7 
-.32.9 
-35.0 
-27.6 
-30.8 
-32.6 
-24.0 
-26.9 
-44.0 
-42.8 
12.9 

-20.2 
-42.9 
-16.1 

2.3 

1.2 

-  6.2 
-18.7 
-23.  S 
-21.8 
-26.0 
-27.2 

.39.1 
33.2 
42.4 
46.1 
49.3 

May  17,  '07 

10''56"' 

46.8 
43.9 
28.9 
15.3 

4.0 

9.6 

13.1 

23.0 

19.3 

17.5 

10.0 

6.7 

4.2 

24.3 

29,0 

-13.9 
-11.1 
-17.2 
-19.2 
-20.0 
-22.0 
-15.5 
-18.5 
-2,1.2 
-11.2 
-14.4 
-31.7 
-.30.3 

12,5 

15,0 

9,4 

6,8 

25,9 

28,4 
22,4 
20,8 

10.7 

6.6 

26.8 

15,3 

14,7 

7,0 

-  5,7 
-10,7 

-  8,8 
- 12 , 5 

2270 

5,9 

-15,0 

10,3 

May  18.  '07 

-   1.0 
23,8 

9''43" 

2275 

May  20,  '07 

9h57m 

-14,0 

no 


PUBLICATIONS    OF    THE     Y  E  R  K  E  S    OBSERVATORY 


T.MlT.i:  I     r,..  '■ 


NCUBER 

Latitude 

DicRNAL  Motion      1 

Longitudes  on  Days  of  Obsebvation 

AND  Date 

Sidereal 

Synodic 

1 

3 

3 

4 

5 

6 

7 

2275  («.«<.) 

2412  1    -12?0 

2413  -17.6 

2414  1         7.S 

2415  1         0.9 
■'416             1-^  -'^ 

13?58 
13.68 
13.58 
14.19 
14.19 
14.39 
14.09 
13.99 
14.49 
14.90 
13.78 
14.09 
14.49 

12?62 
12.72 
12.62 
13.23 
13.23 
13.43 
13.13 
13.03 
13.53 
13.94 
12.82 
13.13 
13.53 

-23?2 
-19.9 
-22.6 
-30.4 
-28.3 
-27.6 
-28.6 
-20.2 
-23.3 
-28.2 
-43.4 

-  5.7 

-  4.6 

-10?7 

-  7.3 
-10.1 
-17.3 
-15.2 
-14.3 
-15.6 

-  7.3 

-  9.9 
-14.4 
-30.7 

7.3 
8.8 

2417 
24  IS 
2+10 
2420 
2421 
2422 
2423 
2426 

8.7 
5.7 
4.9 
4.6 
l.S 

-12.0 
14.0 

-22,9 

2278 
May  21,  '07 

tt 

2292 

June  5,  '07 

IC-H™ 

2427 

2420 

2430 

2431 

2432 

2433 

2434 

2435 

2436 

2437 

2438 

2439 

2440 

2441 

2442 

2443 

2444 

2445 

2446 

2447 

244S 

2449 

2150 

2451 

2452 

21.03 

2454 

2455 

2456 

2457 

245S 

2450 

2460 

2 161 

2162 

2463 

2161 

2165 

2466 

246S 

2460 

2470 

2472 

i     2476 

•1  ly^ 

-13.0 
-17.9 
-18.8 
-19.7 
-14.3 
-21.1 
-30.  S 
-33.2 
-28.6 
-36.1 
-34.4 
-35.3 
-39.6 
-40.8 

-  9.8 

-  6.5 

-  0.9 
4.7 
4.8 
9.1 
8.6 
5.6 

-  2.2 
0.8 
3.2 
4.1 
8.3 

-  2.0 
-10.5 
-14.6 
-16.1 
-14  7 
-IS. 9 
-22.4 

13.0 
14.7 
13.1 
14.2 
IS.l 

-  9.7 
- 1 1   0 
-16.1 

-18.4 

19  9 

7  9 

2  3 

1         7.0 

14.96 
14.36 
14.06 
14.96 
14.26 
14.26 
13.86 
14.16 
13.86 
14.56 
13.27 
13.27 
13.67 
13.59 
14.29 
14.75 
14.96 
14.99 
14.36 
13.86 
14.30 
15.06 
14.06 
14.58 
14.36 
15.26 
14.67 
14.16 
14.54 
14.43 
14.76 
14.03 
13.96 
13.86 
13.96 
13.27 
14.49 
13.71 

13  17 

14  32 
13  95 

13  (17 

14.86 

14  00 

15  (K) 
14.75 
14.75 
14   25 

14.01 
13.41 
13.11 
14.01 
13.31 
13.31 
12.91 
13.21 
12.91 
13.61 
12.32 
12.32 
12.72 
12.64 
13.34 
13.80 
14.01 
14.04 
13.41 
12.91 
13.35 
14.11 
13.11 
13.63 
13.41 
14.31 
13.72 
13  21 
13.59 
13.48 
13.81 
13  (IS 
13  (II 
12.91 
13.01 
12.32 
13  54 
12  76 

12  22 
13.37 

13  00 

12  12 

13.90 

13  14 

14  (15 
13  80 
13.80 
I.T  .W 

34.9 

23.4 

21.2 

14.4 

20.9 

9.8 

21.3 

14.6 

9.8 

8.3 

6.7 

4.0 

-  7.7 

-  5.2 
12.1 

9.3 
10.0 
8.4 
6.2 
7.1 
3.0 
6.7 
4.8 
4.2 

-  2.5 

-  5.7 

-  5.7 

-  3.5 
1.6 
2.8 

-  1.9 

-  5.2 
-12.0 
-19.0 
-21.0 
-23.9 
-26.1 
-27.7 
-36.8 
-11.4 
-15.9 
-18.9 

16.1 

-  2.0 
10  7 
12  2 

5.2 
y.\  n 

49.0 

36.9 

34.4 

28.5 

34.3 

23.2 

34.3 

27.9 

22.8 

22.0 

19.1 

16.4 

5.1 

7.9 

25.9 

23.3 

24.1 

22.0 

19.7 

19.9 

16.7 

20.3 

18.0 

18.0 

11.0 

8.7 

7.9 

9.8 

15.5 

16.2 

12.0 

7.7 

1.1 

-  6.0 

-  7.9 

-  11  5 

32?6 
52.0 
50.5 

50.2 

45.6 
42.9 

48.7 

44.9 

35.2 

42.2 
43.0 



33.8 

-13.0 

-15.1 

-24.5 

2.1 

-  2.8 

-  6.7 

14.2 
10.8 

28.5 

22*>«< 

Jinp  ■ 
Id 

43°i. 
24.0 
38  5 

39  5 

32  S 
39.3 
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TABLE  I — Continued 


Pl.\te  Number 

NUMBEI 

Latitude 

Diurnal  Motion 

Longitudes 

ON  Days  of  Observation 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

a 

6 

7 

2301 

June  8,  '07 

91.52'- 

2309 

2478 
2479 
2480 
2481 
2482 
2484 
2485 
2486 
■  2487 
2488 
2489 
2490 
2491 
2492 
2493 
2494 
2495 
2496 
2497 
2498 
2499 
2500 
2501 
2502 
2503 
2478' 

2483 

2487' 

2.504 

2505 

2506 

2507 

2508 

2509 

2510 

2511 

2512 

2513 
2514 
2515 

251-6 
2517 
2519 
2520 
2521 
2522 
2523 
2524 
2525 
2526 
2527 
2528 
2529 
2530 
2531 
2.532 

2533 
2534 
2535 
2536 

7?9 

7.9 

9.5 

7.1 

12.7 

9.0 

9  3 

-15.5 

-24.1 

-22.4 

-18.1 

-20.5 

-18.9 

-13.4 

-10.9 

-15.3 

-12.5 

-  9.9 
-15.0 
-16.8 
-26.7 
-19.9 
-16.5 
-17.8 
-17.1 

6.1 

12.9 

-27.3 

7.2 

-  7.0 
-12.8 

8.1 

5.5 

11.8 

11.1 

-24.2 

-18.5 

13.1 
-21  5 
-19  0 

10  0 
-24.2 
9.8 
-16.8 
-21  2 
-17.8 
-17.1 
-11.9 
-15.3 
-13.5 

-  9.2 

-  6.0 

-  7.1 
-15.7 
-10.8 
-21.7 

15.1 

-17.5 
-18.7 
-13.0 

15?58 

14.75 

15. 54 

14.51 

14.75 

15.06 

14.23 

14.87 

14.46 

14.44 

14.51 

14.75 

15.06 

14.65 

15.17 

14.96 

14.51 

14.37 

14.77 

14.15 

14.07 

14.41 

14.51 

14.13 

14.46 

14.96 

14.58 
13.38 
15.38 
13.88 
13.88 
14.98 
14.16 
14. 59 
14.40 
14.28 
14.11 

14.63 
13.93 

14.28 

14.98 
14.69 
14.24 
14.40 
13.92 
14.60 
14.53 
14.04 
14.13 
13.92 
13.82 
14.62 
14.27 
14.19 
14.18 
14  22 

14.98 
14.42 
13.92 
14.18 

14?63 

13.80 

1 4. 59 

13. 56 

13, SO 

14.11 

13.28 

13.92 

13.51 

13.49 

13. 56 

13.80 

14.11 

13  70 

14.22 

14.01 

13. 56 

13.42 

13.82 

13.20 

13.12 

13.46 

13. 56 

13.18 

13.51 

14.01 

13.63 
12.43 
14.43 
12.93 
12  93 
14.03 
13.21 
13.64 
13.45 
13. 33 
13.16 

13.68 
12.98 
13.33 

14.03 
13.74 
13.29 
13.45 
12.97 
13.65 
13.. 58 
13.09 
13.18 
12.97 
12.87 
13.67 
13.32 
13.24 
13.23 
13.27 

14.03 
13.47 
12.97 
13.23 

10?1 

-  22 . 5 
-26  0 
-27.8 
-28  3 
-35.6 
-30.1 
-18,0 
-18.0 
-12  0 

-  8.5 

-  5.2 

-  2.3 

-  2.4 

-  3.9 

-  4.7 

-  6.1 

-  7.9 
-11  3 
-13.0 
-.33  2 
-32.1 
-27.9 
-24.5 
-20.4 

12.0 

-19.5 

-11.2 

0.0 

.35.5 

12.8 

-4.0 

-15.0 

-24.9 

-47.0 

-11.8 

-16  2 

-  8.5 

-  7.4 
13.0 

-  1.5 
3.2 

-  8.7 
-20.5 
-28.5 
-30.8 
-33.2 
-31.2 
-36.7 
-.38.1 
-33.3 
-32.7 
-34.8 
-24.9 
-23.8 
-26.5 

28.8 
-23.7 
-14.5 
-15.0 

24  ?2 
-  9.2 
-12.8 
-14.8 
-15.0 
-22.0 
-17  3 

Juno  13,  '07 

10''37"'5 

2?6 
-   1.2 

-  4.7 

-  5.1 
1.0 
4.3 
8.1 

11.3 
10.8 
9.8 
8.8 
7.2 
5.7 
2.2 

-  0  2 
-20.6 
-19.2 
-15.1 
-11.8 

-  7.6 
25.5 

-  5.9 
1.2 

14.4 
48.4 
25.7 
10.0 

-  2.1 
-10.9 
-35.5 

0.9 

-  3.0 

13.0 

17.4 

4.7 

-  6.6 
-15.1 
-16.7 
-19.1 
-18.0 
-23.0 
-24.7 
-20.0 
-19.0 
-20.8 
-10.9 

-  9.8 
-12.6 

43.9 

9.3 

8.5 

18.1 

20.5 

18.8 
15.8 
12.9 

45?2 

-  7.7 

-  5.7 

-  1  3 

18.1 

32  ?3 

6.1 

2314 

June  14,  '07 

9h45m 

18.3 
18,3 
39,4 

24?3 
15,6 
-  7.5 
27,7 
23.0 

.32.8 

30.1 

6,1 

41.5 

20,6 

32?8 

2318 

Juno  15,  '07 

91,42- 

2324 

June  17,  '07 

9hl4m 

19.2 

31.2 

-  4.9 

-  3.7 

-  9.0 

7,4 
8.0 
3,0 

34.8 
34.2 

-  4.5 

-  6.7 
2.7 
2.9 
1,8 

8.5 

2329 

15.2 
15.5 
14.0 

41.4 
42:6 
39.8 

June  18,  '07 

-  9,2 
0.0 

-  0.7 

10''02'" 

11.5 
11,1 

37.1 
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NrUDER 

L.(TITDDB 

DicHNAL  Motion 

Longitudes  on  D.wb  of  Observation 

\  N  t'    r>  \  T-K 

Sidereal 

S>Tiodic 

1 

2 

3 

4 

5         ' 

'           7 

2.1J;'  yriiul.) 

2537 
2538 
2.539 
2.i40 
2.541 
2.542 

2518 
2543 
2.544 
2545 
254(5 
2547 
2,548 
2549 

-15?4 

15,9 

11.0 

3.1 

5  5 

14?01 
14  51 

13,65 
13. 58 

14    17 

13?06 
13.56 
12.70 
12.63 
13.22 
14.05 

13.26 
12.98 
13.37 
13,90 
13,71 
13,60 
13,00 
13,82 

-17?3 

-  7.2 
-14.1 
-38.9 
-43.5 
-41.5 

20.0 

-  2.5 

-  6.7 
7.6 

-29.0 
-30,5 
-32,2 
-31,7 

-  3?7 
7.4 

-  1.0 
-25.3 
-29.3 
-26.3 

31.9 

9.8 

5.3 

19.6 

-16.7 

-18.3 

-20.0 

-19,3 

8?5 

11.0 

-17.4 
-13.7 

-11  4          15.00 

2333 
June  19,  "07 

-10.9 
-18.0 
-13,0 
-11,0 
-12,9 
-12,5 
1,9 

13,93 
14,32 
14.85 
14.60 
14. 55 
14. 55 
14.77 

35  ?2 

47.7 

2335 

June  "'0    '07 

. 

Ql)0.|iii 

"" 

14  .55 

13  00 

2339 
June  22,  '07 

ghiijm 

2345 

25.52 

-!9  4 

—  27  0 

0  5 

June  24,   07 
9''50"' 

2352 

June  26,  '07 

ll-'oO" 

2553 
2554 
2555 
2556 
2557 
2.558 
2559 
2.500 
2.561 
2562 
2563 
25t>4 
256,5 
2566 
2567 
2568 
2509 
2570 
2571 
2572 
2573 
2574 
2575 
2576 
2577 
2578 
2579 

2580 
2581 
2.582 
2.583 
2.584 
2585 

2586 
2.587 

2.588 
■'589 

12,9 
14,3 
-26,2 
-15,1 
-10,2 
-21,8 
-18,7 
-16,8 
-21,1 
-15,8 
-12.5 

-  9  2 

-  5,0 

-  1,5 

-  4,7 
12,7 
14,2 
15,8 
17,5 
25  0 
10,8 
13.4 
16.7 
13.2 
19.3 

-  7.7 
-12  0 

-  5.7 

-  6.1 
13  9 

-10,8 
22.7 
21,8 

-23,6 

-21  4 

11  3 

11  9 

14.20 
13.94 
U  24 
14.99 
15.04 
14.27 
15.10 
15.22 
14.27 
13.76 
15.38 
14.27 
14.43 
14.61 
13.91 
14.25 
14.32 
14.45 
14.00 
13.72 
14. 50 
14.17 
14. .38 
14.38 
13.72 
14, .58 
14,61 

14,56 
14.79 

14  25 
14.49 
13.84 
13.90 

13.17 
14.83 

15  14 
14.83 

13,25 
12  90 

-  1.3 

10.1 

33.7 

27,1 

2'7,3 

23,2 

12.2 

8.2 

9.3 

3.3 

3.6 

14.5 

4.9 

17.7 

13  0 

6.2 

1.4 

2.1 

0.3 

-  3.7 

-  2  2 

-  2^0 

-  2.7 

-  8.2 
-12.9 

1.9 
-18.4 

-  2.9 

11.9 
23.5 
23.5 
16.8 
8.3 
5,8 

30  1 
26.9 
26.4 
24,4 

24.0 

37.2 

13,2!)            15,7 
14, Ot            14.6 
14  O'l            \^   ^ 

41.5 
41.9 
37.8 
26.2 

52.1 

13.32 
14.21 
14.27 
13.32 
12.81 
14.43 
13.32 
13.48 
13.66 
12.96 
13. 30 
13,37 
13. 50 
13,05 
12.77 
13. 55 
13.22 
13.43 
13.43 
12,77 
13,03 
13.66 

13  61 
13,84 
13  30 
13. 54 

12  89 
12,95 

12.22 

13  88 

14  19 
13  88 

0,3 

-  4,6 

-  2.9 

-  8.7 

-  7.9 
1.5 

-  7.1 
5.7 
0.7 

-  5.2 
-10.3 
-10.1 
-11.9 
-16.1 
-13.7 
-14  2 
-14,7 
-20.3 
-25.0 

-  9.6 
-30.8 
-15.2 

-  2.3 
9  0 
9.6 
2.6 

-  4.9 

-  7.7 

18.3 
13.5 
12  7 
11  0 

24.8 

. 

17.0 

31.9 

19.1 
15.5 
15.9 
14.3 
9.3 

32.7 
28.3 

27.3 

11.0 

-  4.3 

2353 
June  27,  '07 

36.8 
36.3 
29.8 
21.0 
18.3 

2358 

June  28,  '07 

10''29- 

I 
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TABLE  I— Continued 


Plate  Number 

NUMIIEII 

Latitude 

Diurnal  Motion 

LonOITUDES  ON  Da                                ilVATION 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

2358  {conl.) 

2590 
2591 
2592 
2593 
2594 
2595 
2596 
2697 
2598 
2599 

2600 
2601 

2602 
2603 
2604 
2605 
2606 
2607 
2608 
2609 
2610 
2611 
2612 
2613 
2614 

2615 
26i6 
2617 
2618 
2619 
2620 
2621 
2622 
2623 
2624 
2625 

15?4 

15.8 

33.4 

38.0 

4.8 

-17.4 

-19.1 

-23.1 

-23.4 

3.1 

-19.9 
-21.5 

-18.8 

-15.2 

-12.1 

-13.0 

-14.8 

-17.5 

-14.2 

-17.0 

5.2 

5.2 

2.1 

11.9 

6.5 

-21.5 
-18.2 
-20.4 
-33.7 
-15.7 
-18.1 
-26.5 
-27.3 
-31.8 
-34.6 
-38.9 

12?86 
14.73 
14.52 
14.21 
14.73 
14.67 
14.00 
14.42 
14.34 
14.67 

15.12 
15.07 

14.82 
14.65 
14.12 
14.41 
14 .  65 
15.04 
14.82 
14.62 
15.13 
14.31 
14.72 
15.07 
14.62 

15.03 
14.87 
14.71 
14.55 
15.19 
14.71 
15.19 
15.19 
14.71 
14.71 
14.71 

11?91 
13.78 
13.57 
13.26 
13 .  78 
13.72 
13.05 
13.47 
13.39 
13.72 

14.17 
14.12 

13.87 
13 ,  70 
13.17 
13  46 
13.70 
14.09 
13  87 
13.67 
14.18 
13.36 
13.77 
14.12 
13.67 

14.08 
13.92 
13.76 
13  60 
14.24 
13.76 
14.24 
14.24 
13.76 
13.76 
13.76 

4?6 

21.2 

9.9 

14.8 

-37.0 

-37.1 

-31.0 

-33.5 

-36.0 

-30.0 

-30.1 

-28.7 

0.2 
0.6 

-  2.0 

-  6.0 

-  8.1 

-  9.8 
-17.0 
-17.0 

5.6 

-  1.8 

-  0.5 
-43.5 
-43.2 

11.8 

-  1.9 
19.1 

-20.0 

-21.3 

-19.1 

2.0 

-  0.7 

-  3.8 
-13.1 
-14.0 

16?  1 
34.5 

23.0 

27.6 

23.7 

-24.1 

-18.4 

-20.5 

"2?6 

"i6°i' 

'34?5' 

-23.0 
-16.7 

13.5 

13.5 

11.2 

7.1 

4.9 

3.8 

-  3.7 

-  3.3 

-  2?0 

-  0.7 

31.2 
31.2 

3.5 

2361 

10.5 

24.3 

41.1 

June  29,  '07 

9''39"' 
2365 

July  1,  '07 

9hl4n, 

24.1 
22.5 
21.7 
14.0 

19.5 

11.8 

13.3 

-29.2 

-29.5 

37.3 
28.1 

-11.9 

2369 

29.2 
15.3 
36.1 

-  3.2 

-  3.7 

-  2.1 
19.6 
16.9 
13.2 

3.9 
3.0 

July  2,  '07 

gbiym 

2375 

July  3,  '07 

2i'56ra 

2401 

2626 
2627 
2628 
2629 
2630 
2631 
2632 
2633 
2634 
2635 
2636 
2637 
2638 
2639 
2640 
2641 
2642 
2643 

2644 

-13.4 
-10.9 
-15.3 
-10.8 

-  7.8 

-  3.2 
-10.9 
-10.6 

-  8.9 
16.9 
18.2 
20.9 
23.8 

0.7 
7.8 
9.8 

-  3.2 
6.3 

-29.6 

15.17 
15.72 
15.83 
14.73 
15.17 
13.96 
13.63 
14.51 
15.06 
15.61 
14.51 
14.18 
14.51 
14.40 
14.50 
14.84 
13.74 
15.17 

13.96 

14  21 
14.76 
14.87 
13.77 
14.21 
13.00 
12.67 
13.55 
14.10 
14.65 
13.55 
13.22 
13.55 
13.44 
13.54 
13.88 
12.78 
14.21 

13.00 

15.5 

16.2 

24.3 

7.6 

5.6 

7.4 

1.7 

-  2.5 

-12.8 

5.5 

19.7 

19.9 

21.6 

-11.3 

-38.0 

-40  5 

5.3 

-11.9 

-25.0 

1 

28.4 
29.6 
37.8 
20.1 
18.5 
19.2 
13.2 
9.8 
0.0 
18.8 
32.0 
31  9 

July  26,  '07 

Hh28"> 

33  9 
0.9 

-25.4 

-27.9 

1.3 

14.8 

30.0 

43!5 

16.9 
1.0 

2403 

July  27,  '07 
9hi5,o 

0.6 

14.1 

27.0 

41.8 
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NrilBEB 

Latitcoe 

Diurnal  Motion 

LONQITCDES  ON  DaTS  OF  OBSERVATION 

AND  Date 

Sidereal 

Synodic 

1                           J 

3 

4 

5 

6 

7 

2406 

Julv  29,  '07 

'9''45» 

2645 
2646 
2647 
2648 
2649 
2650 
2651 
2652 
2653 
2654 
2655 
2656 
2657 
2658 
2659 
2ot;o 

20(il 

2002 

2003 
2004 
2665 

2006 
200s 
2009 
2070 
2071 
2072 
2073 
2074 
2075 
2676 

2677 
2079 
20S0 

20s  I 
2(;s2 
*J'is3 

J '  >  ^  7 
•JONS 

_■,,..  t 

2695 

..' ." '  i  1 

1 

1 

-28?0 

-29.6 

-15.6 

-12.1 

-32.2 

2.4 

6.7 

-14.8 

10.8 

8.4 

9.9 

4.9 

3.4 

1.3 

5.7 

-  8.9 
8.6 

-  0.2 
3  5 

22.4 
14.7 

7.9 
0.4 
5.8 
5  S 

14?06 

14  34 

15  14 
14.92 
13.48 
14.32 
13.81 
14.53 
14.70 
14.67 
14.55 
14.66 
14.05 
14.72 
14.42 
14  01 
14.53 
14.  S4 
13.63 

13  92 
14.01 

15.40 
14.73 
14.90 

14  79 

13?10 

13  3S 

14  IS 
13.96 
12.52 
13.36 
12.85 
13.57 
13.74 
13.71 
13  59 
13  70 
13  09 
13.76 
13.40 
13.05 
13.57 
13  SS 

12  07 
12.96 
13.05 

14.44 
13.77 

13  94 
13.76 
13.20 
13  42 
13.53 
13.62 
13. 52 
13.27 

13.64 
i.x  .-vi 

4?9 
5  1 
2.5 
1.7 

-  1.1 
24.7 
26.8 
12.8 

-  9.0 

-  8.4 

-  4  9 

17?2 
18.3 
16.3 
15.5 
11.5 
37.7 
39.3 
26.0 
4.8 

4  5 

5  3 

32?2 
33.0 

30.8 
25.0 

19.9 
20.1 
23  3 

22  3 
26.4 
26  8 

33?4 
33  7 
37.0 
35.9 

-   0  4            7  3 
-0.9          114 

-  1.9 
1.6 

-  4.8 
-39.1 
-39.7 
-38  4 
-36.2 

-  0.4 

1.3 
-29.0 
10.8 
8.8 
-35.2 
-39.8 
-31.6 
-33.0 
-32.1 
-36.8 

28  5 

11    S 

14   7 

7.9 
-25.9 

-26.2 

-20.2 

-23  6 

12  2 

17.0 
-13.7 
26.2 
24.1 
-20.7 
-25.1 
-16.1 
-17.9 
-17.0 
-23.1 

49   1 

-12.0 

-  9.2 

26.7 

30.9 

39.8 
42.8 

2411 

July  30,  '07 

9''06» 

40.2 
37.8 

-  7.3 
-11.6 

-  3.2 

-  5.1 

-  3.6 

-  9.1 

2  r,          14   16 

3  2           I4.3S 
0  7           14  49 

5.2 

1.0 

11.1 

8.7 

17?7. 

14.1 

22.3 

of 

13  S 

-  3.3 

-13.9 

-  0  0 

14.5S 
14  48 
14  23 

14  60 

14   .-.0 

3.5 

16.1 

0417 

Julv  31,  '07 
fl''46" 

-10  .5      —  3  0 

-(is           14  74           l.X   7s         --'0  7       —16  0 

-  2.7 

-  8.5 

-  6.9 

10.3 
4.6 
6.3 

—  1 1  0         u  :<.'. 

13  .39     .    -34  4 

-21.0 
-20.3 
-24.7 
-27.0 
-12.9 
-18.9 
-18.1 
-13.4 

1.6 

3.3 

-15.8 

-18.8 

-11.6 

-  8.6 
35.2 

-  6.9 

8.8 
7.9 

-  7.8 

-  5.6 
26.2 

11 
1   0 

—    5  7 

-12,2 

-    7.8 

9  2 

s    II 

14  S5 
14  40 
14  74 
13  95 

13.  S9 
13  44 
13  7S 
19  00 

-34.0 
-38.1 
-40  2 
-25.9 
-32.2 
-31  3 
-26.9 

-11.0 

-  9.8 
-28.5 
-31.4 
-24.4 
-21.6 

21.8 
-19.6 

-  4.0 

-  5.3 
-21.0 
-18.4 

12.0 
-12  8 
- 14  ." 

-13.6 

-  1.0 

-  6.4 

-  6.1 

12.0 

14  :;:',         \n  .•i7 

1  1.          11  111'          13  06 
4.U            11   .VJ            13  .i4 

6.8 

2420 

Ills 

11/.          i  1  1 . 1 
1,;  1.          11  ■.'7 

-    '.1  2            1)    l.'.l 
-14    1             14    74 

13. 52 
13  .57 
13  68 
13  31 
13  73 

13  78 

14  38 
13.63 

13  02 
13  42 
13  42 
13  02 

13  42 

14  13 
13  73 

14.9 
16.2 

-  2.3 

-  5.9 

Auk.  1.  '07 
11''42"' 

4.8 

-19  2 
10.7 

9  6 
11   0 

V        (   1 

1    .; 
J   '' 

15  34 
14.59 

13  9s 

14  38 
1 4  38 

13  W 

1  1   .> 
1;.  ii'i 
1  1   ii'.) 

2423 

Auk.  2,  '07 
lOHM" 

2427 

Auk   '<    '07 

9''40" 

■   i ' 1   

1 


i 


I 
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TABLE  1— Continued 


Plate  Number 

NUMBEH 

Latitude 

1  li  I    liWt, 

Motion 

LONOITUDBS  ON  DaTS  OF  OBSERVATION 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

2434 

2704 
2705 
2706 
2707 
2708 
2709 
2710 
2711 
2712 
2713 
2714 
2715 
2713' 

4?4 

9  5 

12  6 

18.2 

-15  6 

-16  0 

-13.3 

-14.4 

-11.8 

-17.4 

-  8.5 

-  9.9 
-11.7 

14?43 

14. 50 

14  41 

14.68 

14.41 

14.08 

14.14    • 

14.77 

14.43 

14.14 

14.32 

14.05 

14.59 

13?47 
14. 54 
13.45 
13.72 
13.45 
13.72 
13.18 
13.81 
13.47 
13.18 
13.36 
13.09 
13.63 

30?  9 

13.2 

11.9 

3.8 

-17.4 

-20.0 

-27.3 

-32.5 

-40.7 

-26  1 

-34.8 

-27.9 

-36.4 

46?2 
28.3 
26.9 
19.1 

-  2.4 

-  4.7 
-12.6 
-17.1 
-25.3 
-11.4 
-19.9 

Aug.  9,  '07 

gi-OS"" 

"oJs" 

"i3?7   ' 

26?9 

-13.3 
-21.2 

2451 

Aug.  10,  '07 

11''54"' 

2452 

2716 
2717 
2718 
2719 
2720 
2721 
2722 
2723 
2724 
2725 
2726 
2727 

2728 
2729 
2730 
2731 
2732 
2733 
2734 
2735 
2736 
2737 
2739 
2740 
2741 
2742 
2743 
2725' 

2744 
2745 
2746 
2747 

2748 
2749 
2750 
2751 
2752 
2753 
2754 

-12.8 

-  9.1 
-11.0 

-  3.5 
-13.9 
-15  7 
-15.8 
-13.5 
-17.4 

-  5.6 

-  3.4 
13.4 

14.4 
17.7 
15.3 

-  0.6 

-  6.7 

-  8.4 

-  8.6 

-  2.1 
-23.0 
-12.6 

-  7.1 

-  8.2 
-19.1 
-22.3 
-20.6 
-10.2 

-  6.8 
-24.6 
-21.1 

14.5 

-15.2 
21.8 
20.0 
19.8 
15.8 
-19.0 
-21.0 

14.61 
14.52 
14.52 
14.87 
15.02 

14  62 

15  03 
14.83 
15.96 
14.82 
14.17 
14.11 

14.04 
14.32 
14.25 
14.81 
14.15 
14.52 
14  48 
13.89 
14.71 
13.53 
13.93 
14.71 
14.07 
14.03 
14.28 
14.42 

14.72 
14.62 
14.19 
14.06 

13.87 
13.77 
13.39 
13.58 
14.25 
14.06 
13.87 

13.64 
13.55 
13.55 
13.90 
14.05 
13.65 
14.06 
13.86 
14.99 
13.85 
13.20 
13.14 

13.07 
13.35 
13.28 
13.84 
13.18 
13.55 
13.51 
12.92 
13.74 
12.56 
12.96 
13.74 
13.10 
13.06 
13.31 
13.45 

13.75 
13.65 
13.22 
13.09 

12.90 
12.80 
12.42 
12.61 
13.28 
13.09 
12.90 

18.0 
3.9 

-  5.2 

-  8.0 

-  4.8 
6.0 

14.9 
13.1 
24.1 

-  2.1 
-15.0 
-41.0 

-32.0 
-31.1 
-35.0 
-12.9 
-11.9 
-11.8 

-  8.8 

-  3.1 

-  1.8 

-  4.7 
3.9 
5.3 

-22.0 

-25.5 

-20.7 

9.7 

7.2 

-  8.2 
-16.5 
-25.3 

20.1 

-  9.2 

-  9.1 
-12.0 

3.7 

-35.5 

14.9 

31.9 

17.1 

7.9 

5.0 

9.3 

19.3 

28.6 

26.6 

38.7 

11.2 

-  1.8 
-28.2 

-18.3 

-17.5 

-2,1.1 

1.2 

1.3 

2.0 

5.1 

9.7 

12.2 

8.1 

17.1 

19.3 

-  8.3 
-12.2 

-  7.0 
23.4 

33.5 
4.1 
3.8 
1.1 

17.5 
-21.9 

45?2 

Aug.  12,  '07 

lOi-OO"" 

21.8 
19.7 
23.2 

25.5 
11.5 

38.4 

2457 

8.1 

Aug.  13,  '07 
9''23"» 

5.4 

19.8 

27.9 

42.3 

32.6 
36  4 

18.2 

20.1 

2460 

35.3 

20.0 

10.7 

1.2 

Aug.  14,  '07 

33.8 
24.2 
15.1 

9''50" 

2465 

Aug.  16,  '07 
10'>53'° 

28.3 

2468 

Aug.  17,  '07 
i  11149m 
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Publications   ok  t  ii  k    "N'  v;  u  k  k  s   ()  u  s  k  k  \  a  t  o  k  y 
TABLE  l-CuiUinu,.: 


NCUBEB 

Latitcde 

DiuBNAL  Motion 

LONOITCDBS  ON  DaTS  OP  OBSERVATION 

AND  Date* 

Sidereal 

S.\ii-1  . 

2 

3 

4 

5 

G 

7 

2470                27oo         -16?9 

\iiiT     •»     '(17                07-|l                      7    O 

13?40     i      12?43     1 
15  19          '.1  ■'■'     1 

17?8 

18.7 

16  0 

15  5 

13.2 

10.2 

4.0 

3.0 

-   1.5 

-13.0 

-10.1 

16.5 

-33.1 

-34.8 

-37.5 

-36.1 

-34.4 

-40.2 

-36.2 

-30.5 

-14.4 
-20.1 
-18.9 
-25.2 
-27.5 
-26.7 
-22.2 
31.4 
-30.9 
-25.0 

30?  1 
32.2 

29  3 
29  2 
26  3 

42?  1 
46.5 
43  3 
42.7 
40  0 

10''ll" 

2757 
27.58 
2759 
2760 
2761 
2762 
2763 
2764 
2765 
2766 
2767 

-  7.2 
-11.3 
-13.8 
-14.7 
-14.2 
-11.5 
-12.7 

4.1 
10.5 

-  5.5 
12  0 

r  .1 

14.93 
14.88 
14.68 
14.16 
14.52 
14.63 
15.35 
14.68 
14.47 
14  67 
14.78 
14.62 
14.52 
14.01 
14.94 
14.83 
14.78 
14.11 

15.23 
14.41 
14.11 
14.11 
14.41 
14.31 
13.39 
14.41 
15.43 

13.96 
13.91 
13,71 
13.19 
13. 55 
13.66 
14.38 
13.71 
13.50 
13.70 
13.81 
13.65 
13. 55 
13.04 
13.97 
13.86 
13.81 
13.14 

14.26 
13.44 
13.14 
13.14 
13  44 
14.34 
12.42 
13.44 
14.46 
13.95 

23.1          36.6 
17  2          '-W  .'.  ' 

10  3 
12  5 

0.0          13.8 

3.0          16.3 

30  0         43.3 

-19.9      -   0.1 

—21  7      —  8  1 

''7(59              R  0 

-24.3 
-23.4 
-20.8 
-27.0 
-23.2 
-17.8 

-  0.4 

—  0  9 

-11.0 
-10.6 

2770 
2771 
2772 
2773 
2774 

2775 
2776 
2777 
2778 
2779 
2780 
2781 
2782 
2783 

97«4 

1.4 

-  8.0 
13.0 
10.9 

4.8 

1.1 
6.1 

-  8.1 
-15.6 
-15.8 
-12.3 
-14.3 
-14.8 

8.9 

11    6 

-13.1 

-  9.2 

-  4.8 

''477 

Aug.  23.  '07 
9''33"' 

-  6  0 
-12.3 
-14.3 

-13.0 
-10.0 
44.6 
-16.7 
-11.3 

1       1     

2480 

Aug.  24,  '07 
9M)7» 





2501 

2785 
2786 
2787 
2788 
2789 
2790 
2791 
2792 
2793 
2794 
2795 
2796 
2797 
2798 
2799 
2800 
2801 
2802 
2803 
2804 
2805 
2MKI 
2807 
2808 

2Hm 
2810 
2H11 

2812 
2«13 
2S14 

2S 1 .'. 

—  10  4 

14   W          13   12 

16.4 

12.1 

8.4 

6.5 

31.2 

32.0 

15.0 

14  5 

10.0 

10.9 

8.8 

8.0 

0.5 

-  1.2 
-14.9 
-18  2 
-19.4 

—  22  2 

—  22  2 
-2L9 
-10  0 

-  9.7 
9.9 

17.0 

1.3 
20  4 
10  0 
14  2 
13  3 

8  3 
2:i  7 

29.4 
25.4 
21.0 
20.1 
43.7 
44.9 
28.3 
27.7 
22  7 
24  9 

[ 

Sept.  12,  '07 
10'>48°' 

-10.2 
-12.6 
-20.8 

-  7.0 
-10.0 

17.9 
15.7 
14.2 
11.7 
11.3 

16  0 

17  7 
17  9 

9  0 

7  8 
10  0 

8  0 
12  6 
10  0 

-12  8 
10  (1 

-  1.9 

-  4  9 

10  6 

-  0  8 

-  0  5 

-  2  3 

-  4  2 

-  7  0 

-  9   1 

14  S3          i:<  S.T 

39.2 

14.21 
14.98 
13.59 
14.00 
14.40 
14  30 
14  26 
15.11 
14. 52 

14  27 

15  41 
14.88 
14.10 
14  30 
14  47 
14.40 
14, 50 
14  62 
14  88 

14  S8 

15  ()3 
14  .52 

14  96 

15  (HJ 
14  85 
14  1)2 
14  23 
14.:» 
I.-  27 

13.23 
14.00 
12.61 
13.02 
13.42 
13.32 
13  28 
14.13 
13  .54 

13  29 

14  43 
13.90 
13.12 
13. 32 
13  49 
13  42 
13  .52 
13  04 
13,90 
13  90 
14.05 
13  .54 

13  98 

14  OX 
13  87 
13  01 
13  25 
13  35 
14.29 

34.3 
33.9 

36.0 

21.9 
21.0 
14.8 
12.2 
-   1  9 

35.3 
34.0 

26.0 

-  5.0 

-  6.1 

-  8.9 

-  8.8 

-  8.8 
3.7 
3.8 

23.7 
.30.8 

14.8 
34.0 
29  4 
20.8 

20  1 

21  2 
;i7  .". 

7.0 

4.8 
17.2 
17  5 

37.4 
43  5 

2505 

Sept.  13,  '07 
1 0^.35  •■ 

T  II  E   R  o  r  A  r  I  0  N   Peri  o  u   o  k    i-  ii  k   8  u  n 
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T.\RI>E  1— Continued 


Plate  Number 

Number 

Latitude 

DiuRNAi^  Motion 

Lo.soiTCDES  ON  Days  of  Obbervation 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

2505  {con(.) 

2816 

2817 
281S 

-21?7 
-21.3 

-17.4 

14?.33 
14.23 
14.13 

13?.35 
13.25 
13.15 

-29?9 

-35.8 
-24,2 

-17?0 
-13.0 
-11.5 

2509 

Sept.  14,  '07 

9h.l6m 

2538« 

2819 
2820 
2821 
2822 
2823 
2824 
2825 
2826 
2827 
2828 
2829 
2830 
2831 
2832 
2833 
2834 

13.6 
14.9 
15,4 
21.1 
3.8 

-  1.3 

-  5.3 

-  8.1 

-  5.9 

-  4.0 

-  7.9 
-12.7 
-12.2 
-15.4 

-  0.1 

-  1.5 

14.12 
14.41 
14.51 
13.64 
15.09 
14.90 
13. 55 
14.22 
14.61 
14.02 
14.51 
13.74 
14.32 
14. 32 
15.28 
14.90 

13.13 
13.42 
13. 52 
12.65 
14.10 
13.91 

12  .56 
13.23 
13.62 
13.03 
13. 52 
12.75 
13. 33 
13.33 
14.29 

13  91 

22.7 
24.3 

-  6,8 

-  7.1 

-  7.6 

-  7.5 

-  7.5 

-  4.2 

-  4.6 
1.2 
0.2 
3.8 

20.6 
21.5 
27.0 
23.4 

36.3 
38.2 
7.2 
6.0 
7.0 
6.9 
5.5 

Oct.  8,  '07 

9''32™ 

9.5 

9.5 

14.7 
14.2 
17.0 
34.4 
35.3 
41.8 
.37.8 

2542 

Oft.  fl,'  07 

10''23"' 

2551 

2835 
2836 
2837 
2838 
2839 
2840 
,    2841 
2842 
2843 
2844 
2845 
2846 
2847 
2848 
2849 
28.50 
2851 

11.9 
12.1 
15.7 
16.5 
23.8 

-  4.7 

-  0.2 

-  0.9 

-  6.6 
10.8 
12.2 

7.8 

•6.0 

10.3 

1.2 

1.4 

11.6 

14.42 
14.01 
14.84 
14.11 
13.69 
14.63 
14.53 
15.05 
13.69 
14.63 
14.42 
14.21 
14.63 
15.15 
14.42 
14.73 
14.42 

13.43 
13.02 
13  85 
13.12 
12.70 
13.64 
13. .54 
14.06 
12.70 
13.64 
13.43 
13.22 
13.64 
14.16 
13.43 
13 .  74 
13.43 

12.9 

21.4 

29.7 

25.5 

23,8 

24.2 

27.7 

24.3 

-  6.2 

-18.1 

-20.1 

-21.7 

-19.7 

-25.8 

-24.0 

-28.2 

-30.9 

25.8 
33.9 
43.0 
38.1 
36.0 
37.3 
40.7 
37.8 
6.0 

-  5.0 

-  7.2 

-  9.0 

-  6.6 

-  12.2 
-ll!l 
-15.0 
-18.0 

Oct.  17,  '07 

11 '■05" 

2554 

Oct.  18,  '07 

lOtOS" 

2.557 

2851' 

28.52 

28.53 

2854 

2855 

2856 

2857 

2858 

2859 

2860 

2861 

2862 

2863 

2.1 

3.8 

5.6 

0,8 

8.0 

10  3 

6.6 

11.5 

13.3 

11.9 

4.9 

0.4 

9.1 

15.51 
15.01 
14.71 
14.67 
14.71 
15.21 
14.92 
14.33 
14.77 
13.78 
14.71 
13.93 
14.. 57 

14.51 
14.01 
13.71 
13.67 
13.71 
14.21 
13.92 
13.33 
13.77 
12.78 
13.71 
12.93 
13.57 

25.5 

24.5 

21.9 

17.4 

25.4 

25.3 

18.1 

21.8 

14.2 

4.7 

5.2 

6.6 

5.3 

40.0 
38.5 

Oct.  21,  '07 

10''33'»2 

35.6 
31.2 
.39  1 
39.5 
32.9 
34.8 
28.0 
17.7 
18.9 
19.9 

45?  0 

46.2 
48.7 
42.0 
30.5 

32.7 

19.1         32.7  1 

1 

1 
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P  V  B  L  I  C  A  T  I  O  K  S    OF     THE     Y  E  R  K  E  S     (1  B  .s  E  H  \'  A  T  O  K  V 


TARI.K  I— roH/iHK"^ 


Nl-HBEH 

Latitide 

Diurnal 

Motion 

LoNoiTiuEs  ON  Days  of  OBsEnvAXios 

AND  Date 

Sidoroal 

Synodic 

1 

2 

3 

4 

5 

6 

7 

2557  (conl.) 

2864 

2865 

2866 

2867 

2868 

2869 

2870 

2.871 

2S72 

2873 

2874 

2875 

2s7i> 

2877 

2878 

2879 

2S.S0 

28,81 

2882 

2883   • 

2884 

2885 

288(i 

2SS7 

2888 

28.S!) 

2890 

2891 

2892 

2893 
2894 
2895 
2.S96 
2897 
2898 
2S99 
29(H) 
2901 
2902 

2903 
2901 
2905 
2'.MHi 
2907 
2908 
29(H) 
2910 

5?5 

9.7 

13  3 

6  7 

3  4 

-  3.6 
10  9 

13  0 
18   1 

7  4 

14  0 
12  2 

4  3 
-22  5 
-19  9 
-26  4 
-28  8 
-23  3 
-16.9 
-16.4 
-18  3 
-22  7 
-24  0 
-29.7 

-  9.9 

-  5  2 
1.2 
6.7 
7.0 

4  3 
12.0 
12  1 
11.9 
15.6 

-  8.9 
10.8 

4.8 

U4 

-10  0 

-10  f. 

-19  5 

7.9 

5  2 
8.2 
2  6 
7.0 

14?.52 
14. 52 
14.33 
13.88 
14.71 
14.13 
14.28 
14  61 
12  81 
14.41 
14.71 
14   71 
14.62 

14  47 
14.51 
14.31 

15  21 
14.37 
15.21 
14.21 
15.01 
13.91 
14.81 
14.51 
14.92 
14.11 
13.71 
14.51 
14.62 

14.93 
14  (>3 
13.75 
14. 54 
14.14 
14.93 
14.47 
13.85 
14.63 
13.95 

14  37 
14  58 
14.06 
14.01 
14. .58 
14.27 
14.01 
14.42 

13?.52 
13. 52 
13  33 

12 .  88 
13.71 
13.13 
13.28 

13.  ()1 
11.81 
13.41 
13.71 
13  71 
13  (12 
13  47 
13.51 

13  31 

14  21 

13  37 

14  21 

13  21 

14  01 

12  91 
13.81 

13  51 
13.92 
13.11 
12.71 
13.51 
13.62 

13  93 
13  ()3 
12  75 
13. 54 
13.14 
13.93 
13.47 

12  85 
13.(i3 
12.95 

13  37 
13  .58 
13.06 
13  01 
13  .58 
13  27 
13.01 
13.42 

2?1 
2  4 

-  3.1 
-10.6 

-  8.7 

-  6.3 
-16.0 
-14.1 
-23.3 

-  7.2 
0.2 
1.0 

16.9 

14.8 

14.5 

3.7 

5.8 

6.5 

-  8.5 
-12  5 
-19.8 
-10.3 

-  7.9 
-13.0 
-36.1 
-35.1 
-27.9 

13.0 
3.5 

24  1 

2.3.9 

21  2 

9.9 

12 

-27.2 

-37.1 

-13.8 

-16  2 

-110 

-11.0 

-  8,9 
-.30.3 
-22.7 
-29.0 
-27.2 
-.32.2 
-25.8 

16°0 

16  0 

10  4 

2.2 

5.0 

7.5 

-  2.7 

-  0  5 
-11.5 

6.2 
13  9 

29?4 
29  7 
23.8 
15.4 

20.2 
10.8 

14  7 

.30.7 

.38.5 

28.0 

17  0 

20  0 

20  3 

5.7 

0.7 

—   5  8 

44.4 
42.0 

. 

"•33.5 

2.6 

5.9 

0  5 

-21.9 

-22.0 

-15.2 

26.5 

-  SO 

17.3 

.38.3 
37.8 
34.2 
23.7 
14.6 
-13.0 
-23.0 

-  0.7 

-  2  3 

31.0 

2.")60 

Oct.  22,  '07 

10'>32°' 

3?0 

2.2 



2.564 

0(1.23,  '07 

11 '■00'" 

15.1 

17  6 

—   4  8 

2.7 
-  2  5 

-  1.'3 

-  6.8 
0.4 

2.568 
Oct.  25,  '07 

<Jl,-,lm 

2911 
2912 
2913 
2014 
2915 
2917 
2918 
2919 
2920 
2921 
2922 
2irj3 
21)24 
2925 
2ir26 

2615 

-18  2 
-15  4 
-19.5 
-17.1 
-12  1 

-  8  2 

-  9.4 

-  8.5 
0.7 

-  6.8 

-  6  2 

-  5  7 

-  1   !) 
17  0 

0  1 

14  88 

14  40 

15  tW 
15  48 
14  .59 
14    19 
14  .59 
14  29 
14.08 
14.00 
14  30 
14.30 

14  .50 

15  OS 
15  58 

13  87 

13  4S 

14  67 
14    17 
13  .5.S 
13   IS 
13  .5S 
13  28 
13  97 
13  ()S 
13  .-{.s 
13  :tH 

13  58 

14  07 
14  .57 

33  S 

34  8 

11  7 

12  3 
37  5 

-25  3 
-28  0 
-30  2 
-28  6 
-20  2 
-2S  9 
-36  2 
-29  3 

-  3  fl 

-  1 7  .s 

47  8 
48.4 
26.5 
26.9 
51  2 
-12  () 
— 14  3 

Dec    19   '07 

. 

ll'"23'° 

-16  8 
14  5 

-  7  0 
-15  4 
-22  7 
-15  <•> 

10  r> 

-  3   1 



' 

j 
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TABLE  I— Continued 


Plate  Number 

NuMUEll 

Latitude 

Diornal  Motion 

LoHaiTUDES  ON  Dats  of  Oohervation 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

.5 

8 

7 

2620 

Dec.  20,  '07 

lli'36'" 

* 

2682 

2927 
2928 
2929 
2930 
2931 
2932 
2933 
2934 
2935 
2936 
2937 
2938 
2939 

2942 
2943 
2944 
294,T 
2946 
2947 
294S 
2949 
2950 
2951 

-  6?6 

-  7.4 

-  9.2 
-17  3 
-18.9 
-16.2 
-21.9 
-10. S 
-10.9 
-13  4 
-27.9 
-10.7 
-19.2 

-19.1 
-15.3 
-12  3 

-  12  2 

-  5^7 

-  0.4 
2  5 
2  3 

10.5 

-  4.0 

14?80 
14.60 
14.40 
14  09 
14  33 
1 4. 50 
14.04 
14.75 
14  .50 
13.00 
14.00 
14.60 
14.20 

13.93 
14.02 
14.85 
14.60 
14.43 
14.. 52 
14.18 
14.43 
14.18 
14.35 

13?  83 
13.63 
'      13  43 
'      13   12 
13  36 
13. 53 
13.07 
13.78 
13  .53 
12.03 
13.03 
13.63 
13.23 

12.96 
13.05 
13.88 
13.63 
13  46 
13  .55 
13.21 
13.46 
13  21 
13.38 

24?2 

.33.4 

34.6 

15  0 

18,8 

18.0 

18.3 

-19.9 

-22  0 

-26  9 

-18.8 

-33.9 

11.9 

30.2 
-18.1 
-19.4 
-   6.8 
-31.0 
-.30.5 
-24.1 
-30  8 
-35  4 
-29.0 

38?  0 
47.0 
48  0 
28.5 
32.1 
31.5 

Apr.  20.  '08 

10''13'" 

43?8 
48.1 

31.9 

-  6.5 

-  8.5 
-14.9 

-  5.8 

47.0 
10.3 

-20.3 
25.1 

45.7 
-  2.5 

2685 

Apr.  21,  '08 

lOMO"' 

-  2.8 
9.5 

-14.9 

-14.3 
-  8.3 
-14.7 
-19  6 
-13.0 

2689 

Apr.  22,  'OS 

2*^52"" 

2702 

2953 
2954 
2955 
29.56 
2957 
2958 
29.59 
2960 
2961 
2962 
2963 
2964 
2966 
2967 
2968 
2969 
2970 
2971 
2972 
2973 
2974 

2975 
2976 
2977 
.    2978 
2979 
2980 
2981 
2981' 

9.0 
12.9 
15.9 
15.5 

6.4 

-14.1 

12.2 

9'7 

7.7 
-10.3 

-  7.0 

-  7.9 
-12.8 

-  9.1 
6.3 
8.7 

-  4.6 

-  3.1 
1.5 

11.9 
-15.9 

-15  0 

-12.8 

9.6 

10.4 

6.0 

8.4 

-12.8 

-16  5 

13.45 
13.99 
14.93 
14.73 
14.98 
13.. 55 
14.24 
14.37 
14.88 
13.94 
14.44 
13.84 
14.33 
14.04 
14.14 
14.44 
15.03 
15.12 
15.03 
14.81 
14.73 

14.13 
15  22 
14. 53 
14.23 
13.74 
13.93 
14.13 
14.13 

12.49 
13.03 
13.97 
13.77 
14  02 
12. 59 
13.28 
13.41 
13.92 
12.98 
13.48 
12.88 

13  37 
13.08 
13.18 
13.48 

14  07 
14.16 
14.07 
13.85 
13.77 

13.17 
14.26 
13.57 
13  27 
12.78 
12.97 
13.17 
13.17 

20.6 

14  1 

12.1 

10.0 

17.3 

24  2 

-16.6 

-17.9 

-17.9 

-14.3 

-24.0 

-22.3 

-29.4 

-33.0 

-38.5 

-41  5 

-11.7 

-  4.7 

-  0.9 

-  4.1 

-  3.9 

12.0 
14.5 
26,3 
30  3 
24,0 
23.8 
-14.1 
20.4 

33.3 

27.4 
26.3 

May  20,  '08 

40.5 

10i'04"' 

24.0 

31.9 
37.0 

-  2.9 

-  4.3 

-  3.8 

-  1.0 
-10.3 

45.7 

10.3  1 

9  5 

10.3 

12.0 

-  8.9 
-15.7 
-20  0 
-25.1 

-27.8 

3.8 

-  2.3 

-  6.5 

2.6 

9.9 

13.4 

10.3 

10.4 

25.3 
28.9 
40.0 
43.7 
36.9 
36.9 

24.0 

24.2 
24.0 

2705 

May  21,'  OS 

10''28"' 

-  0.8 
33.7 

2709 

May  22,  '08 

10h42m 
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TABI.K  I     Continued 


Plate  NrviBtn 
AND  Date 


2714 
Juno  1,  'OS 

0^'lS" 


2719 
June  2,  '08 

9b44m 


Juno  4,  'OS 
9h29m 


27:J0 

June  5,  'OS 

10K)3"" 


2733 

Jurip  6,  '0« 

10^10" 


J  line 
II' 


27  IS 


XCUDEB 


2982 
2983 
2984 
29S5 
29S6 
29S7 
29SS 
29S9 
2990 
2991 
2992 
2993 
2994 
2995 
2996 
2997 
299S 
2999 
3000 
3001 
3002 
30a3 
3004 
3005 
3006 
3007 
3008 
3009 
3010 

3011 


3012 
3013 
3014 
3015 
3016 
3017 
3018 
3(r20 
3021 
3022 
3023 
3024 

3025 
3026 
3027 
302S 
3fr29 
3030 
3031 
3032 
3033 
3034 
3035 
303fi 
3037 
303S 


nnin 


Latitude 


8?  6 
7.5 
7.3 

-  8.1 
-12.0 
-15.3 
-15 
-11 

-  8 

-  5 

-  4 

-  6 

-  8 
-13 
-17 
-23 
-18.6 

7.5 

-  6.5 

-  4.6 

-  0.1 
1.3 

-  4  1 

-  5.7 

-  7.4 

-  5.2 

-  1.6 

-  3.8 
-10.0 


.6 


S  7 

-5.!) 

10.2 

9.9 
10.7 

-  8.2 
-14.9 

-  9.0 

-  SO 

-  7  1 
10  1 

-12.6 

-  9.9 
-13  1 

11.4 
9.8 
7.5 
13  2 
12  4 
12  6 
15  3 

-  9  9 
-16  9 
-10  1 
-13  5 
-IS  (i 


DiCRNAL  MOTIOV 


Longitudes  on  Days  of  Obbbrvation 


Sidereal 


12  9 
12  5 
10  5 


14?51 
14.  SO 
13.92 

14  31 

15  09 
14  60 
14.  SO 
14.21 
14.11 
14.60 
15.39 
15.00 
15.09 
14.37 
14  OS 
14.41 

13  62 
14.70 
14.36 
14.41 
14.91 
14.11 
14.61 
14.80 
14.80 
14.71 
14.60 
14.94 

14  23 

14  46 


15  21 
14  14 

13  S5 
14.63 
14. SO 
14.65 
13.77 
14.16 
14.51 

14  85 
14  92 
14.56 

14.58 
13.59 
14.98 
15.08 
13  89 
14.78 
13  49 
13  49 

13  99 

14  68 
14  38 
14.68 
13  59 
13.89 


Synodic 


1 


13?56 
13  So 
12.97 

13  36 

14  14 
13.65 
13.  S5 
13  26 
13.16 
13.65 
14.44 
14.05 
14.14 
13.42 
13.13 
13.46 
12.67 
13.75 
13.41 
13.46 
13.96 
13.16 
13.66 
13.85 
13.85 
13.76 
13  65 
13  99 
13.28 

13.51 


1 4  -Jli 
13  10 
12.90 
13.68 
13.85 
13.70 
12.82 
13  21 
13.56 
13.90 
13.97 
13  61 

13  63 
12  64 

14  03 
14  13 

12  94 

13  S3 
12  54 
12  54 
13.04 
13.73 
13.43 
13.73 
12  64 
12  94 


12?0 

S  9 

5  1 

27.2 

24  3 

22  S 

16.0 

12.9 

14  9 

18.9 

12.9 

9.S 

7.8 

S.I 

4  0 

7.3 

-  0.9 

-  8.7 
-10.3 
-12.1 
-13  7 
-15.1 
-16.9 
-16.8 
-18.6 
-19  S 
-20.0 
-26.7 
-24.0 

3.8 


-  o .  / 
27  0 
27. S 

-11  2 
-15  2 
-10  0 
-15.9 

r23.3 

-21.2 
-17.0 
-34.6 
-43.1 

29  2 

18.4 

5  4 

1.3 

-12  0 

-21.7 

-25.3 

-27  2 

-32.1 

-30  2 

-43.5 

7.4 

7.0 

-  3  7 


25' 
23 
IS 
40 
38 
36 
30 
26 
28. 
32 
27 
24 
22 
21 
18 
21 
12 
5 
3 
1 
0 

-  1 

-  1 
.  2 


-  4 

-  5 
■  6 
-12 
■10 


S.9 
40.5 
41.0 

2.8 

-  1 
4 

-  2 

-  9 

-  7 

-  3 
-20 


-29.1 


42.9 

31.1 

19.5 

15.5 

1.0 

-  7.8 

-12.7 

-14.6 

-19  0 

-16.4 

-30  0 

21  2 

h.7 

9.3 


29?  9 


12 
17 
10 
3 
6 
11 


-15.5 


15.80 
15  05 
13  77 


14  85 
14  10 
12  S2 


18.7 
16  8 
13  7 


32.6 
30  0 

25  7 


48?5 
43.6 


30.0 


28.3 
24^8 


21.3 


14.7 
16.0 

44.7 


38?4 


36.0 


29.7 


I 


43?7 
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TABLE  I— Continued 


Plate  Number 
AND  Date 

NuMBEK 

Latitude 

DiDRNAL  Motion 

Longitudes  on  Days  or  Observation 

Sidereal 

Synodic 

1 

2 

3 

4 

S 

6 

7 

2748  (cont.) 

3043 
3044 
3045 
3046 
3047 
3048 
3049 
3050 

9?4 
11.0 
12.5 

9.3 
10.3 

8.5 

6.1 
17.0 

14?73 
13.98 
14.84 
14.30 
13.98 
14.41 
13.98 
14.20 

13?  78 
13  03 
13.89 
13.35 
13  03 
13,46 
13.03 
13.25 

10?0 

10  6 

6,5 

4,3 

0,0 

-  1,0 

-  5,9 
-18,0 

22°9 
22.8 
19.5 
16.8 
12  2 
ll'S 
6.3 

-  5.6 

2753 

June  16.  '08 

10''12'^2 

2768 

3051 
3052 
3053 
3054 
3055 
3056 
3057 
3058 
3059 
3060 
3061 
3062 
3063 
3064 
3065 
3066 
3067 

3068 
3069 
3070 

3072 

3073 

3074 

3075 

3075' 

3076 

3077 

3078 

3079 

3080 

3081 

3082 

3083 

3084 

3085 

3086 

3087 

3088 

3089 

3090 

3091 

3092 

3093 

3094 

-  2.6 
3.2 
6.9 

10.8 
-19.1 
-20.0 
-15.3 
-22.6 
-23.5 
-19.8 
-18.3 
-21.5 
-24.5 
-21.9 
-19.7 
-22.7 
-26.1 

3.8 
3.8 
9.8 

-24.5 
-20.0 
-16.8 
-20.4 
-19.7 
-25.7 
-18.0 
-19.9 
-11.4 
-10.7 

-  6.7 

-  5.5 
0.9 

-11.9 
-16.8 
-16.2 

-  6.3 

-  4.6 

-  4.4 

-  2.3 

-  9.7 
9.3 

-11.2 

-  0.2 

14.93 
14.63 
14.63 
13.94 
15.73 
14.33 
14.19 
13.78 
15.13 
15.13 
14.03 
14.89 
14.93 
15.15 
14.93 
14.54 
15.23 

14.22 
14.54 
15.36 

14-.  11 
15.23 
13.70 
14.72 
14.92 
13.19 
14.31 
15.13 
14.41 
15.64 
14.72 
14.52 
14.82 
14.52 
14.31 
14.31 
14.41 
14.62 
14.01 
15.03 
14.62 
15.03 
14.41 
14.62 

13.98 
13.68 
13.68 
12.99 
14.78 
13.38 
13.24 
12.83 
14.18 
14.18 
13.08 
13.94 
13.98 
14.20 
13.98 
13 .  59 
14.28 

13.27 
13,59 
14,41 

13,16 
14,28 
12,75 
13,77 
13,97 
12,24 
13,36 
14,18 
13,46 
14,69 
13,77 
13,57 
13,87 
13,57 
13,36 
13,36 
13,46 
13,67 
13,06 
14.08 
13,67 
14,08 
13,46 
13,67 

36,0 

30.5 

31,1 

29,2 

22,4 

20,7 

14.3 

11.2 

14.0 

18.6 

4.8 

0.0 

1.6 

-  5.6 

-  8.0 

-  8.7 
-11,0 

-35,3 
-31,3 
-21,3 

23,1 
15,3 
11,7 
19,1 
17,4 
9,7 

-  4,6 

-  6,9 

-  7,0 
1,4 

-10.9 
-15,3 
-13.5 
-18,5 
-20,1 
-26,1 
-24,3 

-  22.4 
-26^3 
-34.8 
-45.5 

-  8,2 
-32.0 
-40.7 

50.0 
44.2 

44.8 
42.2 
37.2 
35.1 

June  24,  '08 

9''55"'3 

27.8 

24.5 

28.2 

32.8 

17.6 

13.8 

15.6 

9.2 

6.0 

5.8 

3.3 

-22.5 
-18.0 

-  7.2 

36.0 

29,3 

24,2 

32,6 

31.1 

21.7 

8.5 

7.0 

6.2 

15,8 

2,6 

-  2,0 
0,1 

-  5,2 

-  7,0 
-13,0 
-11,1 

-  9,0 
-13,5 
-21,0 
-32,1 

5,6 
-18,8 
-27,3 

40?5 
36,6 

30,7 
27,6 

41?2 

22,5 

18,2 

2774 

-  9,3 

June  25,  '08 

9''56'"9 

2781 

June  26,  '08 

9'>26'"0 

2789 

June  27,  'OS 

8'=57T7 

2805 

3097 
3098 
3099 

-12.0  ■ 

-  8.9 
-21.6 

14.64 
14.45 
14.50 

13,69 
13,50 
13,55 

14.1 

10.4 

-  3.0 

27,8 
24,1 
10,7 

44,3 
40,1 
26,9 

July  8,  'OS 

51,8 

gh2im 
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TABT,r   1 


XCUBER 

Latitude 

DiUHNAL  MICTION 

LOXGITUDES  ON   DaYS  OF  OBSERVATION 

A.vD  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

5 

0 

7 

2805  (conl.) 

3100 

3101 
3102 
3103 
3104 
3105 
3106 
3107 
3108 
3109 
3110 
3111 
3112 
3113 
3114 
3115 
3116 
3117 
3118 
3119 

3120 
3121 
3122 
3123 
3124 
3125 
3126 

3127 
3128 
3129 
3130 
3131 
3132 
3133 
3134 
3135 
3136 
3137 
3138 

-  21°2 
-21^5 
-18.3 
-21.6 
-20  7 
-21  0 
-18.8 

11.6 
14.1 
13.5 
19.4 
16.6 
14.7 
13.4 
18.5 
16.1 
13.5 
10.8 
11.5 
11.8 

-21.7 

-22.4 

-18.9 

9.3 

7.1 

-  8.1 

-  7.2 

11.1 

15.0 

14.6 

15  2 

17.0 

12.3 

9.4 

13  5 

10.6 

6.3 

6.3 

8.7 

14?24 
14.60 
14  73 
14. 55 

13  86 
14.22 
13.82 
14.63 
14.95 
14.72 
14.64 
14.16 
14.82 
14. 52 
15.09 

14  49 

13?29 
13.65 
13  78 
13.60 
12.91 
13.27 
12.87 

13  OS 

14  00 
13.77 
13.69 
13.21 
13.87 
13. 57 
14.14 
13   .54 

-  .S  .  .') 

-10  3 
-11.2 
-13.8 
-10.4 
-20.0 
-18.1 

-  12 

-  GO 

-  8.5 
-12.7 
-14.3 
-14.4 
-14.5 
-17.4 
-17.0 
-16.9 
-18.3 
-28.5 
-32.6 

-  9.5 

-  7.1 

-  8.0 
-18.3 
-23.8 
-27.0 
-24.3 

20.1 
24.8 
20.9 
23.0 
24.0 
10.3 
15.1 

-  3.0 
-21.7 
-34.8 
-35.2 

23.8 

4?5 
3.0 
2.0 

-  0.4 

-  3.2 

-  6.7 

-  5.2 
12.8 

7.5 
5.3 
1.3 

-  0.2 

-  0  5 

20?8 
19.9 
19.0 
16.2 
12.1 

31?3 
30.8 

29.0 
24.0 

17.9 
15.6 

29.1 
26.1 

-  1.5 

-  3.1 

-  3.0 

-  3.8 

-  5.7 
-15.0 
-19.9 

7.5 
9.6 
8.3 

-  2.0 

-  7.3 

-  9.4 

-  7.8 

37.8 

36.4 

32.3 

34.3 

35.2 

22.2 

26.2 

8.2 

10.5 

-22.3 

-24.2 

34.9 

15.2 

13.8 

12.9 

12.6 

••    11.3 

2.0 

-  2.7 

26.9 

14  33          13.38 
14  39          13  44 

14. 7S 
14. 53 

15  00 
14  22 
14.24 
14.48 
14. 52 
15. 55 
14.65 

14.  OS 
14.56 
14  33 
14.21 
14.09 
14.92 
13.98 
14.09 
14.0!) 
15.62 
13.80 
13  OS 

13.83 
13.58 

14  11 
13.27 
13.29 
13. 53 
13. 57 
14.01 
13.70 

13.73 
13.01 
13.38 
13.26 
13.14 
13.97 
13.03 
13.14 
13.14 
14.07 
12.91 
13  03 

2809 

July  9,  '08 
9i'23'"8 

20.1 
19.3 

4.1 

2S13 

Julv  10,  'OS 



'"'18°'0 

2820 

Julv  11,  '08 

10''45"'6 

2824 

31.39 
3140 
3141 
3143 
3144 
3145 
3146 
3147 
3148 
3149 
3150 

-  0  9 
1.0 
3.7 
5.9 

-18.2 
-16  6 
-18.7 
-14.3 

-  9  0 

-  9  3 
-23.3 

14  51 
14  61 
14  31 
13.92 
14.80 
13.92 
13  72 
13  92 
14.12 
14.05 
14.31 

13. 50 
13.60 
13. 30 

12  97 

13  85 
12.97 
12.77 

12  07 
13.17 
13.07 

13  36 

-  0.3 
1.9 
4.3 

-12.7 
-16.8 
-22.2 
-35  6 
-.35.4 
-35.5 
-46.3 

-  7.2 

13.5 

15.8 

17.9 

0.5 

-  2.7 

-  9.0 
-22.6 
-22.2 
-22.1 
-33.0 

6.4 

Julv  14,  '08 

10'O8'°0 

2837 

Julv  15,  '08 

10^33'"0 



13  97 
13  40 
13  35 
12  11 

2810 

3151 
3152 
31.'i3 
31. "14 

18  0 
-16.0 
-1(1. 6 
-  6  3 

14  92 
14  41 
M  30 
13  00 

32  0 
25.1 
20  0 
24  0 

45.5 
38.1 
33.5 
36  3 

July  21,  'OH 
lO'lO"^ 
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TABLE  I—Conlinued 


Pl.^te  Numbep 

NUMUEH 

Latitude 

DionNAL  Motion 

Longitudes  on  Dats  of  Observation 

AND  Date 

Sidereal 

Synodic 

1 

2 

.3 

4 

5 

0 

7 

2840  (cnnt.) 

31.55 
3156 
31.57 
31.58 
3159 
3160 
3161 
3162 
3163 
3 165 
3166 
3167 
3168 
,3169 
3170 
3171 
3172 
3173 
.3174 

-23?  4 
-12.8 
-19.2 
-25.5 
-23.  S 
-24.7 
-23.3 
-19.2 
-27.0 
-13.1 
-18.9 
-22.1 
-20.2 
-13.2 

-  7.0 

-  0  6 
-13.8 

1.5 
3.5 

13°99 
15.13 
14.20 
13.99 
13.37 
12.85 
13.58 
14.10 
14.20 
13.99 
13.78 
13.68 
13.27 
13.68 
13.06 
13.99 
14.41 
13.78 
13.47 

13?  01 
14.18 
13.25 
13.04 
12,42 
11.90 
12  63 
13.15 
13.25 
13.04 
12.83 
12.73 
12.32 
12.73 
12.11 
13.04 
13.46 
12.83 
12.. 52 

22?  7 
12^7 
14.0 
17.4 
15  0 
14.1 
12.3 
7.8 
S.3 

-  6.8 
-U.l 

-  9.0 
-13.1 
-12.2 

-  22.5 
-16.6 

15.8 
-36.1 
-35.5 

35?  3 
26.4 
26.8 
30.0 
27.0 
25.6 
24.5 

20.5 

20.8 

5.8 

1.3 
3.3 

-  1.2 
0.1 

-10,8 

-  4.0 
28.8 

-23.7 
-23.4 

_,_ 

2845 

July  22,  'OS 

9i>27"'4 

1 

2862 

3175 

3170 

3177 

3178 

3179 

3180 

31S1 

3182 

3183 

3184 

3185 

3186 

3187 

3188 

3189 

3190 

3191 

3192 

3193 

3194 

3195 

3196 

3197 

3198 

3199 

3200 

3201 

3202 

3203 

3204 

3205 
3206 
3207 
3208 
3209 
3210 

3211 
.3212 
3213 

3214 
3215 
3216 

8.3 

11.2 

2.2 

-  2.0 

-  4.9 

-  9.5 

-  7.0 

-  4.2 
3.3 

18.3 
3.8 
-19.3 
-15.0 
-18. S 
-27.8 
-26.4 
-24.5 
-24.5 
-17.0 
-14.4 
-12.5 
-11.7 

-  3.7 
12.9 
15.1 
17.2 
18.5 

-19.2 
-19,2 
-16.6 

-22.4 
-14.9 
-13.3 
-16.4 
32.0 
14.6 

15.6 

10.7 

-16.8 

-22.8 

-21.0 

17.0 

15.08 

14.. SS 

14.78 

13.77 

14.. 58 

14.48 

14.44 

14. 59 

15.08 

13.57 

14.58 

15.79 

14.18 

14.68 

14.. 58 

13.94 

15.79 

14.06 

14.98 

14.52 

14.78 

14.48 

14.90 

14.98 

14.26 

14.28 

14.28 

14  17 

14  37 

14.48 

14.28 
14.44 
14.01 
14.46 
13.18 
13  94 

14.16 
14.62 
14.82 

14.79 
12.75 
14.57 

14.12 

13.92 

13.82 

12.81 

13.62 

13.52 

13.48 

13,63 

14.12 

12,61 

13.62 

14.83 

13.22 

13.72 

13.62 

12.98 

14.83 

13.10 

14.02 

13. 56 

13.82 

13. 52 

13,94 

14.02 

13  30 

13.32 

13,32 

13  21 

13.41 

13  .52 

13.32 
13.48 
13.05 
13.. 50 
12.22 
12.98 

13.20 
13.66 
13.86 

13.83 
11.79 
13.61 

31.1 
25.3 
25.1 
.30.1 
25.4 

45.1 
39.1 
38.8 
42.8 
38.9 

July  27,  'OS 

gh44m2 

14.7  1       28.1 

9.2 

7.6 
10.0 

9,3 
15.2 

7.3 

-  4.0 

-  3.1 

-  7.0 
-11. S 

-  9.8 
-20.7 
-13.7 
-12.2 
-14.2 
-17.1 
-15,8 
-12,1 
-.34.0 
-36.7 
-40.3 
-35.3 
-38.3 
-39.3 

-28.0 
-17.9 
-10.1 

-  6,8 
-36.0 
-.32.0 

-14.0 
-11,5 
-12.0 

11.9 
17.6 

18.7 

21.6 

22.8 

24.0 

21.8 

28.7 

22.0 

9.1 

10.5 

6.5 

1.5 

4.9 

-  7.1 
0.2 

•       1.3 

-  0.5 

-  3.7 

-  1.8 
1.8 

-20.9 
-23.4 
-27.1 
-21.6 
-24.5 
-25.9 

-13.5 

-  3.1 
4.1 
7.3 

—22  7 
-17!  3 

24.8 
28.6 
31.4 

37?2 
36.0 

15.5 

40?  9 

7.0 

32.5 

ICO 

13.2 

-  6.5 

-  9.0 

19.4 

32?  5 

7.8 
-10.4 

2876 

July  28,  'OS 

23?  1 

36.1 

9'>31"'5 

34.4 

11.8 
15.3 
15.2 

7.8 

24.4 
28.2 
28.3 

2884 

July  29,  '08 

lli'38™S 

2889 

July  31,  'OS 
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T\|!|.l   I 


Plate  Ncmber 
AND  Date 


2889  {colli.) 


2S94 
Aup.  1.  'OS 
9''20°'7 


2903 

Aiie.  3.  '08 

lOKJl-lO 


2912 
Aug.  4,  '08 
2''37'?8 


2915 
Aug.  5.  '08 


2940 
Auk.  13,  '08 


Number 


3217 
32  IS 
3219 
3220 
3221 
1^222 


3223 
3224 
322o 
3220 
3227 
3228 
3229 
3230 
3231 

3232 
3233 
3234 
3235 
3236 
3237 
3238 
3239 
3240 
3241 
3242 
3243 
3244 
3245 
3240 
3247 
324S 
3249 
3250 
3251 
3252 
3253 
3254 
3255 
32.56 
3257 
.3258 
.32.59 
32rpn 
.32'  ' 
32'  - 
3203 
3264 
.3265 
32fKJ 
3207 


Latitude 


.3209 
327(1 
.3271 

3272 


20  ?4 
13  3 
15.1 
9.2 
10  6 
17  0 


-  9.5 
12.3 
14.0 
16.8 
11.5 

6  4 

7.4 

8.4 

-16.7 

-  8,7 
-17.4 
-15.0 
-18.9 
-29  0 
-21.5 
-19.8 
-21.5 
-23.1 
-24.8 
-27.4 
-26.1 
-23.5 
-20  1 
-19.8 
-15.0 
-13  5 
-10.2 
-14.1 
-16.6 
-15.2 

-  9.3 
4.6 
5.6 

14.7 
17  9 
21  0 

19  8 

lis 

.  2 

.   0 

1U.4 

12.4 

17  5 

20  3 
17.5 


DiUKNAL  Motion 


14?04 
14.89 
14  14 
13.21 
14  25 
14.14 


Sidereal        Synodic 


9  2 

0  0 

7  7 

9  2 


14.64 
13.85 
13  99 
14.24 
14.74 
1+34 
14.09 
14.88 
14.34 

14.07 
14.34 
14.21 
13.16 
13.68 
13.81 
14.47 
13.29 
14.47 
13.16 
13  55 
12.89 

13  81 
13.29 
13.03 

14  21 
13.42 
13.94 
13.68 
13.16 
13.16 
14.34 
14.47 
13.94 
13  94 
14. 34 

13  .55 

14  07 
14.07 
14.21 
13.68 
13.81 
14  07 

13  81 

14  07 
13  SI 


14  80 
13  58 
14.50 
13  95 


13?08 
13.93 
13.18 

12  25 

13  29 
13.18 


Longitudes  on  Datb  of  Observation 


1 


11?S 

-  6.2 

-  SO 

-  5.8 

-  0.0 
-23.1 


24  ?0 
6.8 
4  3 

7   I 

I)  ^ 

-lO.S 


13.68 
12.89 
13.03 
13  28 
13.78 
13.38 
13.13 
13.92 
13.38 

13.11 
13.38 
13.25 
13.20 
12.72 
12.85 
13.51 
12.33 
13.51 
12.20 
12.59 
11.93 
12.85 
12.33 
12.07 
13.25 
12.40 
12.98 
12.72 
12.20 
12.20 
13.38 
13.51 
12.98 
12.98 
13.38 
12. 59 
13  11 
13.11 
13.25 
12.72 
12.85 
13  11 
12.85 
13.11 
12  85 


13  SO 

12  01 

13  .53 
12  9K 


-  3.9 
-14.2 
-28.2 
-28.9 
-32.7 
-39  3 
-41.3 
-43.8 
-43.3 

10.9 

11.1 

8.9 

7.5 
12  0 

rt .  7 
3  4 

-  0  2 

-  3  5 

-  OS  ' 

-  SO  I 
-13.1 

-  9.5 

-  9.4 

-  5.7 
-14.4 

-  0.1 
3.2 
5.3 

-25.0 

-31.5 

-37.3 

2.9 

1.2 

-  0.9 

-  1.8 
-11.0 
-17.0 
-20.0 
-17.9 
-29.4 
-27.0 
-29.6 
-42.0 
-44.9 

31.8 


12.1 
1.2 
-12.8 
-12.7 
-16.1 
-23.0 
-25.2 
-27.2 
-27.0 

20.9 

21.3 

19.0 

16.8 

22.3 

15.5 

13.7 

9.2 

6.8 

2.5^ 

1.0 

-  4.0 
0.3 
0.0 
3.5 

-  4.3 
9.4 

13.1 

15.0 

-15.7 

-22.2 

-27.1 

13.2 

11.1 

9.0 

8.4 

-  2.0 

-  7.0 
-10.0 

-  7.8 
-19.7 
-17.2 
-19.6 
-32.2 
-.34.9 

41.6 


11.5 
11.9 

8.4 
0  0 


26.7 
25.7 
23.2 
20.2 


22?  9 
11.0 

-  2.7 

-  3.0 

-  5.8 
-13.2 
-15.7 


-17.2 


30?  8 
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TABLE  I— Continued 


N  u  M  u  E  n 

Latitude 

DiuHNAL  Motion 

LONOITUDBS  OK  DaT8  OF  ObBEKVATION 

AND  Date 

Sidereal 

Synodic 

I 

2 

3 

4 

5 

6 

7 

2946  {conl.) 

3273 
3274 
3275 
3276 
3277 
3278 
3279 
3280 
3281 
3282 
3283 
3284 
3285 
3286 
3287 
3288 
3289 
3290 
3291 
3292 
3293 
3294 
3295 

11?6 

13.6 

117 

10.4 

12  0 

10.8 

14.9 

15.S 

14.3 

10.0 

-16.6 

-19.5 

-19.7 

-  6.7 

-  3.3 

-  3.1 

-  3.6 
-19.7 
-16.9 
-20.7 
-20.9 
-18.5 
-21.0 

14?50 
13.95 

13?. 53 
12  98 

7?1 
2  2 

-  2.2 

-  e'l 

-  7.1 
-10.7 
-14.6 
-21  0 
-22.6 
-24.8 

5.3 

4.6 

-10.1 

-  2.7 

-  5.0 

-  9.8 
-13.6 
-23  7 
-25.  S 
-27  3 
-31.2 
-29.7 
-44.8 

2i?n 

16  4 
12.9 

14  77          13  80 

14.01 
14()1 
.  14.68 
14  22 
14.50 
13.68 
14.41 
14.86 
15.05 
13,95 
14. 50 
13.95 
13.77 
14.04 
14  22 
13  77 
13.86 
14.41 
13.49 
14. 50 

1 3  07 
13  07 
13.71 
13.25 
13  .53 

12  71 

13  44 
13  89 
14.08 
12.98 
13. 53 
12.98 
12. ,80 
13.07 
13  25 
12  80 
12  89 
13.44 

12. 52 

13. 53 

8.2 
7.2 
4.3 

-  0.1 

-  6.2 

-  8.7 
-10.1 

20.5 

, 

20.0 

4.1 

12.1 

9.2 

4.2 

0.7 

-   9.2 

-11.8 

-13.2 

-16  5 

-16.0 
-.30.0 

2955 

Aug.  14,  'OS 
ll''48'"2 

2968 

3296 

3297 

3298 

3299 

3300 

3301 

3302 

3303 

3304 

3305 

3306 

3307 

3308 

3309 

3310 

3311 

3312 

3313 

3314 

3315 

3316 

3317 

3318 

3319 

3320 

3321 

3322 

3323 

3324 

3325 

3326 

3327 

3328 

3328' 

3329 

3330 

-13  1 
-17.7 
-10.2 
-20.2 

-  18  2 

4.9 

3.6 

5.4 

5.1 

7.8 

15.1 

21.9 

17.0 

15.9 

17.9 

18.2 

16.2 

0.2 

-  2.8 

-  3.2 
-17.6 

3.3 

-  2.5 

-  5.8 

-  7.4 
-10.0 

-  8.1 
-17.9 
-18.0 
-20.7 
-18.3 
-12.3 

7.3 
4.5 

-  1.1 

-  3.5 

14. 55 
14.23 
14.23 
14.76 
14.87 
14.76 
14.76 
14.23 
15.29 
15.08 
14.02 
14.76 
14. 55 
13.81 
13.91 
14  65 
14. 55 
14. 55 
14.02 
13.70 
14.44 
13.91 
15.18 
15.08 
14.. 55 
14.76 
15.40 
14.34 
14. 34 
14.02 
14.12 
14. 55 
13  27 
15.18 
15.71 
15.50 

13. 58 
13.26 
13  26 

13  79 
13.90 
13.79 
13.79 
13.26 
14.32 
14.11 
13.05 
13.79 
13. 58 
12.84 
12.94 
13.68 
13. 58 
13. 58 
13.05 
12 .  73 
13.47 
12.94 
14.21 
14.11 
13. 58 
13,79 

14  43 
13,37 
13  37 
13.05 
13.15 
13. 58 
12.30 
14.21 
14.74 
14.53 

32.5 

30  9 

27.6 

18,9 

16  0 

23,0 

21,4 

20.6 

18.2 

17,8 

22.6 

20.8 

18  0 

12  9 

10.3 

14.4 

17.1 

7.8 

4.9 

0.9 

2  2 

-   4^0 

-12  0 

-13.3 

-11.0 

-12,0 

-19.3 

-22  9 

-31.9 

-40.1 

-38  9 

-36,0 

-18,2 

-13,1 

16,0 

23,0 

45.3 
43.4 
40.1 
31.9 

Aug.  21,  '08 
10'>39'"5 

29.1 
.36.0 
34.4 
33.1 
31.7 
31.1 
34.9 

33.8 
30  8 
25.0 
22.5 
27  3 

29.9 

20.6 
17  2 
12  9 

14.9 
8.2 
1.4 
0.0 
1  8 

1.0 
-   5.7 
-10  3 

-19  3 

-27.8 
-26  5 

-23.2 

-  6.6 

0  3 

29.9 
36.7 

2971 

Aug.  22,  '08 
9''17"0 
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P  U  B  L  1  C  .\  T  I  n  N  S     OK    THE     Y  E  U  K  K  S    OBSERVATORY 


I'VRT.K  ^^rn„l<^»ln•<J 


Pl.\TE    XfMHEH    I 
AND    I)  VTK 


2'.t7'.) 
Aim.  -J."),  'OS 
10M3'"3 


29S6 
Aug.  26,  '08 
3''14'"5 


29S7 
Aug.  27.  'OS 
9''33'75 


2999 
Augrs's,  'OS 
10''10"'2 


3005 
AiiR.  29,  'OS 
9M0'°0 

3013 
Auk.  31, '08 


NrMBF.B     I.ATiTrnr 


DiCUNAI.  MuTI' 


LONGITCOES  O.N   DaVS  OT  OBSERVATION 


33:>i 
3332 
3333 
3334 
3335 
3336 
3337 
333S 
3339 
3341 
3342 
3343 
3344 
3345 

3346 
3347 
3348 
3349 
3350 
3351 
3352 
3353 
3354 
3355 
3356 
3357 
3358 
33.59 
3360 
3::6l 
3362 

3363 

3364 

3361' 

3362' 

3363' 

3364' 

3343' 
3344' 
3345' 
3346' 
3347' 
3348' 
3349' 
3350' 
3351' 
33.52' 
33.53' 
33.54' 
3355' 
335fi' 
3357' 
33.58' 
.33.59' 
3360' 

.3360 
3370 
3382 

.^365 
3.3mj 
3367 
:W08 
3371 
3372 
3373 


-12M 

-14  2 

-11.0 

-10  6 

-11.2 

-14.1 

-16.9 

-18.6 

-30.1 

17.8 

10.4 

9.9 

10.4 

10.1 

-  6.8 
-18.5 
-19.8 
-23.9 
-22. 1 
-16^6 
-18.7 
-16.1 

9.5 

-  6.0 
0.2 

-18.7 
-15.0 
-15.4 
-29.8 
7.4 

-  5  9 

-13.3 

-  7.9 
-13.0 

5  3 

-13.8 

2.3 

-17.1 

-23  0 

-19  3 

-19  3 

-15  1 

-13.4 

-14.0 

-10  1 

13.7 

0.9 

4.0 

9  1 

-19.4 

16  5 

16.5 

13  S 

10  0 
9  3 

13  6 

7  0 

-11.4 

-  5.8 

11  2 
11.8 

12  9 
IS 
18 
0  8 


~|. I. ■!■.■. I 

14?'.M 
14  S3 
15.00 
14.51 
14.77 
14  47 
14.45 
14.50 
15.28 
13.93 
14.18 
14.27 
14.84 
14.73 

15.39 
14.87 
14.94 
14.85 
14.20 
14.61 
14  12 
14.. 54 
14.22 
15.29 
14.61 
14  96 
15.21 
14.61 
14.48 
14.95 
14.69 

14. 59 
14.09 
13.94 
14.74 
14. 54 
15.80 

14  23 
14.13 
14.03 
13.61 
13.92 
13. 50 
14.65 
13  71 
13  92 
13  92 
13.61 
14.65 
14.13 
14.44 
13.40 

13  82 
14.05 
14.34 

14  29 
14  29 
14.44 

14  07 

14  32 

15  41 
14  52 
14  (Mi 
14  67 
14  28 


latDT 

13.86 
14.03 
13. 54 
13.80 
13.50 
13.48 
13. 53 
14.31 
12.96 
13  21 
13.30 
13.87 
13.76 

14.41 
13.89 
13.96 
13.87 
13.22 
13.63 
13.14 
13.. 56 
13.24 
14.31 
13.63 
13.98 
14.23 
13.63 
13. 50 
13.97 
13.71 

13.61 
13.11 
12.96 
13.76 
13. 56 
14.82 

13.25 
13.15 
13.05 
12.63 
12.94 
12. 52 
13.07 
12  73 
12.94 
12.94 
12.63 
13.67 
13.15 
13.46 
12  42 

12  84 
13.67 
13.36 

13  31 
13  31 

13  46 

13  (H> 

13  .34 

14  43 
13  .54 
13  98 
13  69 
13  30 


-28.5 
-38.4 
-34.0 
-31  3 
-32.1 
-28.3 
-26.0 
-45.9 
-41.6 


-38 

-26 

25 

-  1 

5 

1 

0 

•) 


-24 . 1 
-30.3 
-.32.2 

18.0 

13  9 

8  5 

5  9 

-28 

-  0  3 

2  6 


i7ru 

14.6 

14.6 

12  6 

11.0 

7.8 

-13.4 

-17.3 

-19.3 

-  8.3 

-36.5 

-.38.0 

-40.8 

-43.0 

,30.2 

29.9 

-   1.3 

-  2.5 

-  6.4 

20.6 

-  5.7 

-13.6 

-19.5 

20.0 

31.6 

4.5 

4.4 

5.7 

19.7 

-49.5 

-48.2 

-  8.9 

-45.1 

-44.7 

1.3 

-10.8 

-47.3 

-38  5 

33?4 
30.8 
31.1 
2S.9 
27.4 
23.5 
2.0 

-  0.7 

-  2.3 
7.1 

-20.8 
-22  2 
-24!  5 
-26.9 

41.2 
40.5 
9.6 
8.0 
3.2 
31.0 
4.2 

-  2.8 

-  8.8 
30.9 
42.0 
15.1 
14.8 
16.1 
30.0 

-38.7 
-37.7 

4.7 

-31.3 

-31."1 

14.9 

3.0 
-32.1 

-25.8 

-15.9 

-25.9 

-21.9 

-18.9 

-20.1 

-15.2 

-13.8 

-33.5 

-29.2 

-26.0 

-13.2 

38.2 

11.1 

17.6 

13.7 

13.4 

15.0 


M 
27 
22 
19 
11 
13 


44?  3 
41.7 
42.0 
39.0 


34.2 

12.2 

9!l 


-13.7 
-16.1 


23.7 
22.3 
17.2 


17.9 

10.7 

4.5 

45.6 


29.5 
29.8 


-24.7 
-23.1 

18.1 

-19.1 

-19.0 

29.0 

16,1 


26?8 
23.1 


30.3 
i7!6 


-11.0 
-10.7 


4  0 
9.7 
5.2 


44.5 
40.0 
37.7 
33.3 
25.5 
27.4 


15.2 
3.7 
8.3 


.30?  0 
18.0 
22.1 


t 


4.3?  0 
30.8 


44?2 
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TABLE  1—Conlinued 


Plate  Number 

Number 

Latitude 

Diuhnal  Motion 

LONOITDDBB 

ys  Days  of  Observatio.v 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

o 

(5 

7 

3013  (cont.) 

3374 
3375 
3376 
3377 
3378 
3379 
3380 
3381 
3383 
3384 
3385 
3386 
3.387 
3388 
33,89 
3390 
3391 
3392 
3393 
3394 
3395 
3396 
3397 
3398 
3399 
3400 
3401 
3402 

3403 
3404 
3405 
3400 
3407 
3408 
3409 
3410 
3411 
3412 
3413 
3414 
3415 
3416 
3417 
3418 
3419 
3420 
3421 

3422 
3423 
3424 
3425 
3426 
3427 
3428 
3429 
3430 
3431 
3432 
3433 
3434 

3436 
3437 
34.38 
3439 
3440 
3441 
3442 

3?1 
0.1 

-  4.0 

-  6.9 
-10.0 
-18.5 
-17.0 
-14  8 
-11.1 
-12.5 
-13.3 
-18.3 
-21.7 
-21.0 
-12.5 
-10.5 

-  8.6 

-  7.6 
20.9 
16.2 
18.7 
18.6 
18.9 
14.6 
12.2 

8.9 
9.2 
6.2 

9.8 
9.1 
5.3 
1.8 
2  2 

-io!o 

-12.6 

-13.8 

-16.4 

-19.7 

-25.1 

-15.2 

16.7 

21.1 

16.9 

-  2.9 

-  8.9 
-10.8 
-11.5 

-  7.6 
-10.9 

0.2 

18.1 

1.7 

-21.6 

-12.5 

-21  6 

-14  1 

10.2 

12-6 

-  6  0 
18.4 

17  0 
23  5 
10.6 
15.1 
16  6 
10.5 
17.9 

15?  08 
14.76 
14  55 
14  72 
14.17 
15.21 
13.97 
14.47 
14.67 
14.72 
14. .57 
14.88 
14  61 
14.71 
13.98 
13.27 
14.37 
14.47 
14.02 
14.50 
14.34 
14.68 
14.29 
14. 56 
14.88 
14.76 
14.78 
14.78 

15.34 
14.32 
14.71 
14.72 
15.43 
13.92 
14.27 
15.24 
15.14 
15.24 
14.85 
14.17 
14.38 
14.09 
15.24 
14.68 
14.56 
14.69 
15.05 

15.08 
14.41 
13.96 
14.16 
13.34 
14.67 
14.88 
14.59 
14.54 
14.06 
14.10 
14.37 
14.44 

14.33 
14.33 
14.33 
13.76 
14.49 
14. 33 
14.49 

14?10 
13.78 
13.57 
13.74 
13.19 
14.23 

12  99 

13  49 
13  69 
13.74 
13.59 
13.90 
13  63 
13  73 
13.00 
12.29 
13.39 
13.49 
13.04 
13. 52 
13  36 
13.70 
13.31 
13.58 
13.90 
13.78 
13  SO 
13  SO 

14. 3() 
13  34 
13  73 
13.74 
14.45 

12  94 

13  29 
14.26 
14.16 
14.26 
13.87 
13.19 
13.40 
13.11 
14.26 
13.70 
13. 58 
13.71 
14.07 

14.10 
13.43 
12.98 
13.18 
12.36 
13.69 
13.90 
13.61 
13.. 56 
13.08 
13.12 
13.39 
13.46 

13. 35 
13.35 
13  35 
12.78 
13.51 
13. 35 
13.51 

.5?  9 
9.0 
10.9 
7.9 
8.1 
7.8 
7.1 
3.4 

-  3.1 

-  5.6 

-  8.3 

-  4.8 

-  5.0 

-  9.8 
-21.3 
-31.8 
-37.6 
-40  9 
-12  0 
-14.6 
-17.1 
—22.2 
-29  3 
-26.2 
-33.0 
-25.9 
—22  9 
-24^4 

2S.8 

8.9 

6.0 

6  3 

15.3 

14.9 

22  1 

21.9 

22.4 

20.0 

16.7 

-  1.0 
1.9 
5.6 

-  4.8 
-26.0 
-27.5 
-29.9 
-31.7 

-  3.7 
-18.9 

-  8.6 
-33.0 

23.1 
30.1 

9.1 
13.1 

7.9 

19.9 

19.0 

-18.7 

-  6.2 

27  0 

20  0 

13.4 

5.0 

8.6 

10.6 

9.9 

19?9 

23.2 

24.7 

21.5 

21.2 

21.7 

20.0 

16.8 

10.5 

7.9 

5.0 

9.0 

9.0 

4.2 

-  8.7 
-19.6 
-24.7 
-27.8 

1.2 

-  0.9 

-  4.0 

-  8.6 

36?9 
38.3 
35.7 
34.8 
36.6 

30.7 
24.9 
22.2 
19.2 

37?9 

22.8 

18.1 

5.1 

36.0 
31.5 

17.5 

31?5 

-10.5 

-13.6 

14.5 

12.7 

9.S 

27.5 
26.1 
23.0 

41.0 

-15.3 
-13.0 
-19.2 
-12.5 

-  9.5 
-10.7 

43  6 

22.9 

19^9 

20.9 

30.2 

28.9 

35.8 

.36.6 

37.0 

34.7 

31.0 

12.6 

15.0 

19.7 

9.9 

-11.9 

-13.5 

-15.8 

-17.2 

10.1 

-  5.0 

-  4.1 
-20.1 

-   12 
1.0 

10.9 
14.7 

25.0 
28.8 

38?3 

2.0 

4.8 

..     3.5 

15.2 
18.5 
16.9 

30.1 

3025 

31.4 

45.3 

Sept.  1,  '08 

35.7 
33.6 
33.9 

9''18™4 

42.9 

- 

■ 

29.0 
32.5 

42.8 
45.9 

1.8 

16.0 

—  2.2 

11.9 

25.7 

3033 

Sept.  2,  '08 

8.6 

21.8 

10'>02-?8 

35.2 
43.5 
22.7 
26.5 
21.1 
32.7 
32.0 
-  5.9 
6.4 

41.2 
.34.2 
27.6 
18.7 
22.9 
23.9 
24.0 
1 

40.8 
35.7 

45.8 

8.2 

20.9 

"n.7 

34.3 

3039 

Sept.  3,  '08 

9''32"!'2 

31.0 
36.1 
37.8 
37.4 
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r  r  B  L  I  r  AT  I  ()  N  s   OK   THE    Yerkes   Observatory 


Tvni.K  i-r,it,/,i,«.y/ 


Nt-IIBER 

Latitudb 

DlCBNAL 

MOTIU.-. 

1 

Longitudes  on  Datb  or  Obsbhvation 

A>-D  Date 

SIdorcal 

Synodic 

2 

3 

4           1 

. 

6 

7 

3044 

3443 
3145 
3446 
3447 
3448 
3449 
3450 
3451 
3453 
3455 

8?  2 

14  6 

-  4   1 
4  2 

-  0  5 

-  2  3 

-  SI 

-  it  0 

-  6  4 

15  4 

14?9S 
14  37 
14.16 
14  88 

13  95 

14  37 
14  47 
14  26 
14  47 
14  (17 

14  3S 
14  71 
14.53 
14  61 
14  7S 
14  59 
14  60 
14.45 
14.17 

13  SI 
14.35 
14.12 

14  S5 
14   S6 

I  1  5S 
14   5S 
14.47 
14  90 
14  73 
14  S4 
14  53 
14   17 
14  24 
14  46 
14   79 
14  85 

14   71 
14  33 
14  49 
14  74 
14  38 
14  91 

13  82 

14  41 

14   5S 

I I  .;; 

1    1     'iS 

1 1  -ji, 

1  1     17 
j      13  31 
14   6S 
14  47 
14  22 
14   47 

14  22 

15  21 
1  ;  ••! 
1  1  II ; 
i:)  >s 
14  81 

14?00 
13  39 
13   IS 
13.90 
12.97 
13  39 
13  49 
13  2S 
13  49 
13  (111 

13  40 
13  73 
13.55 
13  63 
13  80 
13  61 
13  62 
13.47 
13   19 
12.83 
13.37 
13.14 
13  S7 
I3.SS 
13  (10 
13  (iO 
13  49 
13  92 
13  75 
13  86 
13  55 
13   19 

13  26 

14  48 
13.81 
13  87 

13   73 
13.35 
13  51 
13  76 
13  40 
13  93 

12  S4 

13  43 

13  (iO 
13.39 
13  70 
13  28 
13  49 

12  33 

13  70 
13  49 
13  24 
13  49 

13  24 

14  23 

12  96 

13  05 

12  fH) 

13  8.3 

29?9 

20  8 

22  0 

8.5 

8.9 

9.9 

14.0 

j2.5 

16.3 

26   1 

43°5 

Sppt.  4,  'OS 
Ill-OS  ""9 

33  8 

34  8 
22  0 
21.5 
22  9 
27 . 1 
25.4 
29.4 
39.4 



3048 

Sept.  5.  'OS 
10''22'"4 

2  0 
13 

-  OS 

-  4.1 
3.1 

-  0.6 

-  7.3 

-  7.3 

-  9.9 
-11.4 

-  8.9 
-10.9 
-14  9 
-12.0 

-  8.9 

-  8.1 
-14.8 
-14.7 
-19.3 
-22.8 
-24.1 
-25.4 
-27.0 
-29.3 
-33.0 
-38.1 

0.7 

3  0 
2  8 
3.1 

-35  0 

-  0.8 
-12  4 

-  7  0 

24   1 
17.9 
17  5 
13  0 
15  5 
31  3 

-  0.7 

-  1.2 

-  2.9 
11.0 

-14.8 
-16  8 
-26  6 
-28  5 
8  9 

-  10 

3058 

3457 
3458 
3459 
3160 
3461 
3462 
31(13 
3464 
34(>5 
3466 
3467 
3468 
34li9 
3470 
3471 
3472 
3473 
3474 
3475 
3476 
3477 
347S 
3479 
34  SO 
34S1 
3 1.S2 

3484 
34S5 
3486 
3487 
3488 
3489 
319(1 
3491 

3l(i2 

.I'l,: 
,fi| 
.;ri.', 
.;  I'll, 
.;  I'lT 
..Pis 

.,  M  'I  1 

;  .111 
..111 

7    1 
9.9 
8.8 
8.2 
-13  3 

-  8.8 
-12  2 
-17  4 
-16  4 
-14  3 
-20.9 
-20  3 
-11   7 

z]-l 

-  2  0 

-  2  9 

6  9 

18  2 

19  6 
111 
11   6 
II   2 
13   1 
15  5 
17  7 

-  2  7 

-  0  9 
13 

-  5  0 
-14   1 
-10  1 

19  2 
19  0 

.t  2 

1 1  II 
J   1 , 

7  It 
'.1  () 

1         11    1 

10  1 

11  5 
6  7 

17. U 
19  3 
' ;   1 
1  ;    , 

1  ".   7 

15.6 

15.0 

12.9 

8.3 

17.0 

13.9 

6.6 

6.0 

3.7 

1.1 

4-3 

2.6 

-  1.2 
2  2 
5^0 
5.8 

-  1.1 

-  0.9 

-  6.0 

-  8.9 
-10.6 
-12.2 
-13  9 
-15.0 
-19.0 
-24.4 

14.0 

15.9 

15.9 

16.3 

-22.2 

13.0 

0.0 

6.0 

37.0 
.30.6 
30  5 

"'  28?2 
28.2 
25.7 
21  8 
30  1 
26.0 
19.7 

Sept.  8.  'OS 
i0''48'"2 

41?2 

35.4 

32.3 

15  9 

13.7 

14.8 



, 

15.5 
18.0 

IS  5 

28.5 
30.9 

43?5 
45.4 

12  2 
12.9 
7.6 
4.7 
2.4 
0.4 

24.3 
25.8 

40.8 

17.8 

32.4 

. 

-  6.0 

3(H12 

Sept.  9.  'OS 
10^30"4 

28.6 

28.7 

29  9 

-   9  3 

"•i-i^-i 

26  2 
12.2 

41.0 
26.1 

. 

3II7II 

.Sfpt.  !■ 

•j   i 

25.6 
28.3 
43.0 
12.3 
11.6 
9  9 
23.8 

-  2.0 

—  3  3 

26.2 
24.0 

12.1 



-14.3 

-10  1 

21  0 

10  9 

-  2  0 

.35  1 
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TABLE  I—Conlinued 

-^ 

Pl.^te  Ncmbeh 

Numbed 

IjATITUDE 

DioRNAL  Motion 

LONGITUDEB 

ON  Day«  op  Observation 

AND  Date 

Sidereal 

Synodic 

1 

2 

3 

4 

.5 

6 

7 

3083 

3509 
3510 
.3511 
3512 
3513 

-  2?5 
12.9 
-18.0 
-18.3 
-11.1 

14?75 
14.66 
14.38 
15.40 
13.46 

13?77 
13.68 
13.40 
14.42 

12,48 

33?3 

12.6 

0.0 

-44.4 

-45.5 

48?2 

27.4 

14.5 

-28.8 

-32.0 

Sept,  11,  '08 

S''31';'l 

3090 

Sept.  12,  'OS 

10i'29"'4 

3094 

3514 
.3515 
3516 
3517 
3518 
3519 
3520 
3.521 
3522 
3.523 
3524 
3525 
3526 
3527 
3.528 
3.529 
3.530 
3531 
3532 
3533 
3534 

3535 
3536 
3.537 
3538 
3.539 
3540 
3541 
3.542 
3543 
3.544 
3545 
3546 
3547 
3548 
3.549 
3550 
3551 
3552 

3553' 
3554 
3555 
3556 
3557 
3558 
3553 

3559 
3560 
3561 
3562 
3563 
3564 
3565 
3566 
3567 

-10  7 

-15.6 

-18.9 

-21.0 

-19.3 

-21.1 

-20.4 

-22.3 

-20.1 

-25.7 

-13.8 

-10.9  • 

-11.2 

-15.4 

-  0  2 

-  0  7 
4.6 
4.6 

-  9.2 
-23.2 

21.3 

-  9.9 

-  7.8 

-  7.6 
-14.6 
-12  9 

-  8.0 
0  0 
3.8 

-18.1 
-20.3 
-21.9 

-  3.1 

-  7.1 
-20.5 
-20.3 

15.3 

-  3.4 

-  0.6 

-11,7 

-  5.5 
-20.2 

-  5.3 

4.8 

-  4.5 
-17.0 

1,1 

-  2.1 

-  9.7 
20.8 

7.9 
5,8 
4.1 
5.S 
10.4 

14,70 

14.67 

14.79 

14.22 

14.21 

14.01   • 

14.44 

14.08 

13.94 

14.22 

14.98 

15.35 

14.65 

14.69 

14.76 

14.48 

14.51 

14.21 

14.34 

14.79 

13.84 

15  35 
14.62 
14.51 
14.82 
14.26 
14,50 
14,82 
15.14 
14.21 

13  .39 
14.93 
14.92 
14. 32 
14.17 
14.00 
14.34 
13,80 
14,62 

14,74 
14.94 
14.12 
14.47 
14,15 
14,, 84 

14  .32 

14,60 
14  12 
14.12 
13.63 
14.50 
14.43 
14.50 
14.41 
14.12 

13,72 
13.69 
13.81 
13.24 
13.23 
13.03 
13.46 
13.10 
12.96 
13.24 
14.00 
14.37 
13  67 
13.71 
13.78 
13.50 
13. 53 
13.23 
13.36 
13.81 
12.86 

14.37 
13.64 
13.53 
13.84 
13.28 
13.52 
13.84 
14.16 
13.23 

12  41 

13  95 
13.94 
13.34 
13.19 
13.02 
13.36 
12.82 
13,64 

13  76 
13.96 
13.14 
13.49 
13.17 
13  86 
13.34 

13.62 
13.14 
13.14 
12.65 
13. 52 
13.45 
13. 52 
13.43 
13.14 

11 

-  1.2 

-  1.8 

-  1.5 

-  3.2 

-  3.4 

-  6.0 

-  7.3 
-10.7 
-13.0 

-  9.5 
12  5 

9.9 
-10.3 
-12.3 
-16,9 
-16,5 

-  2,2 
-40.1 
-11.7 

-  5.9 

17.5 
19,5 
21,0 
17,4 
4,4 
0,9 

-  3,9 

-  8,9 
12,1 
14.7 
19.6 

7.3 
-26.5 
-33.0 
-40.7 

-  6.0 
3.2 

-  0.3 

28,0 

18,0 

15  6 

-37,9 

-29,3 

-33.0 

16.5 

26.9 

29,8 

19.3 

30.9 

-17.7 

-22.0 

-25.0 

-27.4 

-29.6 

15.2 

13.3 

12.8 

12.5 

10.8 

10.3 

8.2 

7.4 

3.0 

1.0 

5.3 

29?0 
26.8 

Sept.  15,  'OS 

39?8 

9''41"'2 

23.7 
23.1 
21.3 
19.8 

34.4 
32.1 

27.7 

24.3 

4,1 

2.5 

-  2.5 

-  2.6 
11.8 

-25.7 
2.9 
7.7 

31.4 

32. S 

34.2 

30.8 

17.2 

14.0 

9.6 

6.0 

25.0 

27.7 

32.9 

6.3 

-13.8 

-20.1 

-28.0 

.7.1 

15.7 

13.0 

41.3 
31.5 

.37.7 
17.1 
15.7 
10.8 
10.9 
24.7 
-12.2 

31.2 

44?8 

23.5 
24.0 

37.7 

-  0.2 

3100 

45.4 

Sept.  16,  '08 

11 '■04'" 

30.2 
27.2 

41.1 

18.6 

38.8 
46.7 

-  0.6 

-  7.4 

6.0 

32?5 

19.9 

33.8 

3104 
Sept.  17,  'OS 

10''28'!>6 

28.3 
-25.0 
-16.7 
-19.6 

29.4 

41.0 
43.4 
32.9 
44.0 

-  3.7 

-  7.9 
-11.4 
-13.5 
-16,0 

-11.1 
-  3.S 

15.8 
23.2 

3109 
Sept.  IS,  '08 

9''40".'6 

18.6 
15.7 
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TABLE  I—CoiUinued 


Pl*t«  Ncubkr 

ASD  D.*TB 

yrUBBR 

Latittdk 

DiuBNAL  Motion 

LONQITUDBX   '          1  1         .   ..K  OBSERVATION 

SUiorcal 

Synodic 

> 

:: 

1 

5 

6 

7 

3109  {ami 

:;."i7() 
3.-.71 
3572 
3573 

3.574 
3575 
357f. 
3577 
:!57S 

3579 
3.580 
3.5S1 
35S2 
■.ir,SA 
:i5sl 
3.585 
3.586 
'  i.*^7 
,;  ^s 

.(.">N'.t 

3590 

:!,-.'!  1 

3594 
3595 

.  ^V  '"^ 

:;>■'  II 1 
.,'  'il 
..'.'  ij 

■■■', 

.  -t  j'- .''. ! 

3610 

.361 1 

-.' .  1  , 

12?4 
8  3 

-  7.6 
-19  1 

-  8.0 
-11.8 

-  8.9 
-14.8 
-14  1 

-17  2 
11   s 

13°s;{ 

14    12 
11   O'l 

12?  85 
13   14 
i:<  11 

-2.5?>S 
-19  7 
-21.1 
-15.3 
-32. 5 

—  7.7 

-18.5 
-12.2 
-37.1 
-41.3 

-  SO 

-12Yo 

-  6.1 

-  7.2 

-  1.5 
-18.2 

6.6 

18?5 

1  1    31            '■'  -!'* 

14  79 
14.79 

15  .53 
14  .57 
14  62 
13.S6 
14   11 

13.81 
13.81 

14  .54 
13. 58 
13.63 
12.87 
13.12 

3113 
Sept.  19.  'OS 
10''31-5 

10°  3 

14.7 
-10.1 
-15.8 

18.0 

3117 
Sept.  21.  '08 
10M)4'^6 

• 

3121 
Sept.  25.  'as 
10''2S"'4 

18.5 
16  5 
13  2 

13  6 

r_'  0 

12  s 

10.0 

2  5 

10  6 

12  1 

-19  4 

-110 

13. 58 
14  28 

13  98 

14  IS 

12  .5'! 

Hi  0 

28.5 

27.1 

27.4 

25.0 

23.0 

12.8 

13.1 

9.9 

7.5 

6.7 

-  4.6 

-  4.2 
-12.1 

3.2 

-14.0 

3.3 

4.5 

-  5.4 

-  1.2 

-  1.0 

-  7.0 

-  7.6 
-11.0 
-10.2 
-12.6 
-19.3 
-17.9 
-17.0 
-16.8 

-  7.6 
-16  3 

21  6 

13  29 
12.99 

13  9 

14  5 
11.9 

9.2 

-  0.2 

-  1.1 

-  3.9 

-  5.5 

-  6  1 
-17.9 
-17.6 
-24.5 
-10.7 
-27.0 
-10.1 

-  9  5 

14  s*)          1  ■?  on 

14  OS 

13  09 

15.29 
14.89 
14.08 
13.88 
14.38 
14.48 

14.30 
13.90 
13.09 
12.89 

13  39 
13.49 
12.49 
14.00 
13.09 
13.49 

14  10 

•    ;         14.99 

IV    .          14.08 

3  5     1      14.48 

13*)     1      15  OQ 

]t;  s           1:  ss 

1-1  so 

-IS  •■> 

■jl   7          i:;  vs          ]■_■  s'J        -    11  (1 

i:.   J           l:;  ss           12  s'.i         -13.8 

I.;  -J          1  1    IS         i:;  m        -20.1 

1  -,        1 1   IS        1  -i  I'l          ■'!  n 

::    1           14. .58 

■1  s          13.98 

1.'  7     1      14  IW 

21    1      1      13  98 

•    -^           14   18 

15  1)9 

14  28 

1            14    IK 

II    '1               1.1    .r-^SI 

13, 59 
12.99 
13  69 
12.99 

13  19 

14  10 
13  29 
13   19 
13. 59 
13.39 

-24.5 
-23  1 
-26.2 
-.32.2 
-31  0 
-31.0 
-30.0 
-20.7 
-29  8 
8.3 

^ 

10  5 

14.38 

3124 
Sept.  2(J,  '0^ 
10kl8r5 

3128 
Sopt.  29,  'OS 
9^1 1''4 

'1    ' 

1.1  ar. 

13  .36 

12  S7 

13  07 
13  .36 
13  ()7 
13  76 
13   17 
13  26 
13  76 

34.2 
29.8 
.33  3 
32  1 

20  5 
23.9 

21  2 

21  9 
23  5 
.33  0 
31  7 

22  2 

47.8 
42.9 
46.0 
45.7 
39.8 
.37  9 

34  1. 

35  4 
37.5 
46  0 
44  7 

36  0 

i  .    1            13  86 
III           14  06 
17  7          n  .35 
12  1           14  (Ml 
k;  -         11  75 
Ml    -            It    16 

11.           II  25 
11   75 

II            II  35 

It    -|.             !•>   77 

III          11  ;,;,         i;<  ."wi 

T II  K    Rotation  Period   of  thk  Sun 
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TABLE  \— Continued 


Number 

Latitude 

Diurnal  Motion 

L0NOITDDE8  ON  Days  of 

Observation 

AND  Date 

Sidereal 

Synodic 

1 

2       . 

3 

4 

5 

6 

7 

3128  icont  ) 

3624 
3025 
3626 
3627 
3628 
3620 
3630 
3631 
3632 
3633 
3634 
3635 
3636 

3639 
3640 
.3641 
3643 

.3046 
3648 
3649 
3652 
3654 
3655 
3657 
365S 
3659 
3660 
3661 
3662 
3663 

9°  5 
-17.3 
-16.3 
-21.0 
-24.7 

-  7.8 

-  8.6 
-14.8 

6.8 

8.2 

18.4 

11.2 

23.3 

-13  8 
-16  4 
-14.7 
-10.8 

2.4 

-  9.9 
—22  2 
-13  0 
-14  4 
-13  6 

-  7.9 
-16.8 
-14.4 
-14  6 
-17.5 

6.5 

-  6.7 

13°  57 
14  45 

14  16 

15  04 

13  27 
14.16 

14  .35 

15  33 
14  71 
14  .53 
14  .54 
13.66 
13.76 

14.77 
14.88 
14  71 
14  29 

14  96 
14  66 
13.S7 
14  46 
13.98 
14  .35 
13.97 
14  96 
14  66 
13.78 
14.46 
13.09 
14.38. 

12°. 58 
13  46 
13   17 
14.05 

12  28 
13.17 

13  .36 

14  34 
13  72 
13  .54 
13  .55 
12.67 
12.77 

13  78 
13  89 
13.72 
13.30 

13  97 
13.67 
12.88 
13.47 

12  99 

13  36 
12.98 
13.97 
13.67 
12  79 
13.47 

12  10 

13  39 

9?4 
26  3 

24  8 
15  1 
5  5 
-12.1 
-10  6 
-17.1 
-10  0 

-  12.2 

-  1.8 
9.8 
7.0 

-  3.0 
-25.0 
-40.0 
-35.8 

29.3 

21.6 

17  0 

-17.0 

-20.6 

-23.3 

28.7 

21.0 

-  2.6 

-  5.7 
-23.8 
-38.6 
-40.5 

22?2 
40.0 
.38.2 
29.4 
18.0 
1  3 

3.0 

-  2.5 

3.2 

1.1 

11.9 

22.7 

20.0 

43.5 
35  5 

31?1 

28.2 
38.9 

42?  1 

3132 

24?  4 

1.9 

-11.4 

-  9.2 

Sept.  30.  'OS 
9>'37-» 

3139 

16.9 
1.2 
4.5 

28?  8 
30.6 

Oct  2   'OS 

9''19"'4 

30.1 

-  3.3 

-  7.3 

-  9.2 
41.9 
35.2 
11.3 

7.3 
-10.1 
-26  3 

18.5 
17.0 

3147 

-27.1 

-  0.9 

27.5 

40?2 

Oct.  3,  '08 

9i'43'"6 



• 

3151 

3664 
3665 
3666 
3667 
3668 
36:;9 
3670 
3671 
3672 
3674 
3675 
3676 

3673 
3677 
3678 
3679 
3680 
3681 
3682 
3683 
3684 
3685 
3686 
3687 
3688 
3689 
3690 
3691 
3692 
3693 

7.4 

-  4.3 

-  2  5 
9  0 
7  4 

12  9 
17  2 
19  0 
14  9 
12.4 
-12.1 
-10.2 

14.9 
-10.8 

-  8.1 

-  4.8 

-  8.4 

-  6  2 

-  6.1 

-  8.9 
-12.7 

-  0.5 
4.5 
3.8 

-19.4 
-13  3 
-10  9 
-10.4 

-  9  8 
-11.6 

14.77 
14. 58 
14.45 
14.60 
14  .36 
14  04 
14  27 
14  34 
14  .55 
14.40 
14.77 
14.72 

14.34 
14.03 
14.67 
15.00 
14.96 
14,29 
14  33 
14.39 
14.78 
14.54 
14.03 
14.35 
13.86 
14  35 
14.35 
14.13 
15.02 
14.58 

13.78 
13  .59 
13  46 
13  61 
13  .37 
13  05 
13.28 
13  35 
13. 56 

13  41 
13.78 
13.73 

13.35 
13.04 
13.68 

14  01 
13  97 
13. 30 
13.34 
13  40 
13  79 
13  .55 
13.04 
13  36 
12.87 
13.36 
13.36 
13.14 
14.03 
13.59 

-  0.7 

-  6.1 

-  8.9 
-23.4 
-21.3 
-21.9 
-22.2 
-24.0 
-25.9 
-17.7 
-12.2 
-19.2 

-  1.8 
22.2 
22  2 

iri 

12.4 

11.7 

so 

7  0 
9.0 
0  5 
2.9 

-  2.6 
-12.5 
-18.5 
-19  8 
-22.5 
-27.1 
-28.2 

10  5 
34.3 
34.9 
30.8 
25.6 
23.7 
20.8 
19.7 
21  8 

28.0 

22.3 

18.9 

4.9 

6.2 

5.3 

5.2 

3.9 

2.2 

10.1 

16.9 

9.8 

24.0 

40.9 
34.9 
31.8 
17.2 
18.2 
17.1 
17.8 

Oct  5  '08 

9''31"'6 

31.7 
32.4 
30.3 
31.3 

44.4 
45.5 
43-5 
44.0 

15.1 
23.0 
29.3 
22.1 

36.0 

36.0 

3158 

Oct.  7,  '08 

HMO"" 

39.3 
37.3 
33.7 
32.8 

13  4 
15  0 
10  0 

-  1.4 

-  6.1 

-  7.4 
-10.0 
-14.3 
-15.2 

26.6 
28  0 
23.3 
11.2 

36.3 
25.1 

2.8 

-  0.1 

-  2.0 

11.5 
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TABLE  I— Coniin-w/ 


Nl'uber 

I-ATITrDB 

OlCHNAt. 

MOTIOK 

1 

LoNGlTCDEtt  OS   DaYH  OP  OBSERVATION 

AND  Date 

Sidereal 

Synodic 

2 

3 

4 

5 

6 

7 

3158  (conl.) 

3694 
3695 
3696 
3697 
3698 
3699 

3700 
3701 
3702 
3703 
3704 
3705 
3706 
3708 
3709 
3711 
3712 

.3710 
3713 
3714 
3715 
3716 
3717 
371S 
3719 

3720 

3721 
3722 
3723 
3724 
3725 
3726 
3727 
372S 
3729 
3730 
3731 
3732 
3733 
3734 
3735 
3736 

3737 

3738 

3738' 

3739 

3740 

3741 

3742 

3743 

3744 

3745 

374U 

3748 
3749 
3761 

3752 
3753 
3754 
3755 

-14?6 

-14  5 

17  2 

17.3 

22  0 

-  1   7 

-12.8 

-  7.1 
-14.7 

2.8 

-  2.7 

-  7.4 
-14.6 

-  7.2 

-  8.5 
19.3 
18.4 

-14.6 
-13  4 
-11.1 

-  8.9 
-15.5 

-  2  4 

1     0 

21.0 
-13  2 

-17.8 

-19.6 

-18.2 

-14.2 

-14  1 

-11  3 

2.1 

0  9 

SO 

8.5 

11.1 

-  8.6 
-21.4 
-20  6 

S.6 
-16  9 

h:, 

112 

-  0  4 
-26  9 
-26  0 
-12.1 

7.5 
8  8 
7  1 

4  4 

5  2 

-27  8 
-21   1 
-19.7 

10  8 

0  4 

-24  2 

10  1 

14?44 
15  00 
14  03 
14  2S 

14  13 

15  00 

14.93 

16  03 
14  73 
14  12 
14  43 
14.70 
14  44 
14.55 
14.75 
14.12 
14  63 

14.62 
14  43 
14  48 
14.18 
14.18 
14.13 
14  28 
14.07 

14.21 

13.82 
14.70 
14.20 
15.10 
14.70 
15.10 
14.76 
14.39 
15.28 
14.67 
15.08 
14.90 
i4.01 
14  29 
14  71 
14   11 

14  43 
14   18 
14  31 
14   16 
14  44 
14  53 
14  48 
14  .W 
14  93 
14  99 
14  81 

13  79 

14  53 
13.90 

14  49 

15  01 
14   18 
13  77 

13?45 
14  01 
13  04 
13.29 
13  14 
14.01 

13.94 
15.04 
13.74 
13  13 
13.44 
13.71 
13.45 
13.56 
13.76 
13.13 
13.64 

13.63 
13.44 
13.49 
13.19 
13.19 
13  14 
13.29 
13.08 

13.22 

12.83 
13.71 
13.21 
14.11 
13.71 
14.11 
13.77 
13  40 
14.29 
13.68 
14.09 
13.91 
13.02 
13. 30 
13.72 
13.12 

13.44 
13  19 
13.32 
13  17 
13.45 
13.54 
13  49 
13  54 
13  94 
14.00 
13.82 

12  SO 

13  54 

12  91 

13  50 

14  ()2 
13   19 
12.78 

-28?  7 
-31.0 

-  6  0 

-  8.0 

-  3.3 
26.3 

-33.4 
27  9 
19.2 
30.7 
23  9 
16.0 

-  8.9 
-44  0 
-38.1 

22.0 
25.6 

-31.0 
6  4 

-  5  0 

-  4   1 

JS     1 

-44.3 
13  0 

-26.2 

-  11 

-  4.6 

-  9.2 
4.0 
6.2 
8.7 

-  4.1 

-  8.7 

-  9.2 
-12.0 
-10.1 

15  3 
-19.5 
-17.5 
-19  3 

27.7 

-  2.1 

-  3.1 
3.0 
2.0 

-10.8 
-44.5 
-35.4 
-39  2 
-41  7 
-30.2 
-24.0 

14.4 
25.0 
15.7 

-12.1 
:fi  0 

23  3 

24  9 

-16?1 

-IS  0 

6.1 

4  2 

8.7 

39.3 

-19.5 

42.9 

32.9 

43.8 

37  3 

29.4 

3.3 

-30.5 

-24.5 

35.1 

39  2 

-17  ^ 

20.2 

8.3 

9.1 

-22.2 

-34.6 

-31.2 

25.9 

12.0 

9.3 

5.3 

18.3 

20.1 

23.0 

9.6 

5.0 

5.2 

1.3 

4.0 

29.3 

-  6.3 

-  3.8 

-  4.0 
41.0 

12.6 

11.9 

17.3 

16.3 

3.8 

-29.8 

-20.7 

-24.5 

-26.3 

-15.0 

-  9.0 

26  5 

37  S 

27  '• 

0  9 
45  5 

36  0 

37  2 

-  2?8 

17.3 
22  0 

30?5 

3163 

Oct   S   'OS 

U'  ,*,t',     ■, 



43.2 

17.3 

-17.1 

-10.8 

44?2 

*• 

3166 
Oct.  9.  '08 

9.2 
46.5 

23.0 

38?  3 

9''52'°7 

35.2 

3.9 

-  9.2 

17.4 
4.7 

18.8 

3170 
Oct.  10,  '08 
9^32'!'4 

3173 

0.1 

25.8 

13.8 
38.0 

26.9 

40.9 

Oct.  12,  '08 

9''18»3 

24.8 
19.0 
20.8 
17.1 
19.8 
44.5 

32.3 

29.3 
32.6 

10.9 
10.2 

23.6 
22.7 

35.6 

3177 

25.1 
24.2 
29.8 

38  2 
36  4 
42.9 

Oct.  13.  'OS 

g'SS-K) 

-  8.0 

ko 

-13.1 

0  0 

3182 
Oct.  14,  '08 

3188 

Oct.  16,  '08 

l(>22-4 
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T.MU.I';    I      Cnnlhdifrf 


Plate  Number 

NUMIIEH 

Latitude 

DiuHNAL  Motion 

LoNaiTU0E8  o.\  Days  or  Observation 

AND  Date 

Sidereal 

Synodic 

I 

2 

3 

4 

5 

0 

7 

3189 

Oct.  16,  '08 

9i'28™7 

3195 

3760 
3761 
3762 
3763 
3764 
3765 
3766 
3767 
3768 
3769 
3770 
3771 
3772 
3773 
3774 

3775 
3776 

377S 

-  7?7 

-  7.6 

-  7.7 

-  8  0 

-  3.9 
17.6 
15.6 

-  5.8 
-11  5 
-13  0 

15.3 
13.8 

-  6.9 

-  22.9 
-19  T) 

14  3 
12  6 

-  9.6 

14?1S 
14  84 
14  64 
14.08 
14.58 
14.23 
14.29 
14.42 
14  69 
15.19 
14.33 
14.38 
14.99 
13.16 
14.08 

14  72 
14.41 

14.87 

13?  18 
13.84 
13  64 
13.08 
13.58 
13.23 
13.29 
13.42 
13  69 
14.19 
13.33 
13.38 
13.99 
12.16 
13  08 

13  72 
13.41 

13.87 

14?9 

11.2 

8.1 

-  5.4 
-23.0 

-  2.1 

-  6.0 
-16.7 

0  0 
5.9 
0.5 
2.7 

-  0.8 
-11.3 
-19.2 

15  5 

14.1 

-37.7 

40?8 

Nov.  2,  '08 

38.4 
34.9 
20  3 

llKiSi'G 

3  7 
23.9 
19.8 

9.9 
26.9 
33.8 
26.7 
29.0 
26.7 
12  6 

6.5 

42.2 

40.2 

-10.7 

46?0 
35.8 



3197 

Nov.  4,  '08 

IPOo-g 

3198 

Nov.  6,  'OS 

9''4S"'4 

3213 

3779 
3780 
3781 
3782 
3783 
3784 
3785 
3786 
3787 
378S 
3789 
3790 
3791 
3792 
3793 
3794 
3795 
3796 

0  9 
3  2 
6  2 
6.2 

-  5.2 
3.8 

6  0 

7  2 
13  4 
13.9 
15.8 
14.8 

8,9 
4.9 
0  0 

-  9.0 
7  1 

13.2 

14.65 
14.75 

14  45 

15  26 
15.46 
14.45 
14  65 
14.75 
14 -,55 
14. 55 
14  35 

14  25 

15  16 
14.45 
14.75 
14  75 
13  95 
14.35 

13.64 
13.74 

13  44 

14  25 
14  45 
13  44 
13.64 
13  74 
13. 54 
13  .54 
13  .34 
13  24 
14.15 
13.44 
13.74 
13.74 

12  94 

13  34 

22.9 

18.4 

18.9 

24.7 

33.3 

15.7 

14.6 

9.5 

15  0 

12.7 

8.0 

5  9 

4.9 

-  4.2 

-  6  5 

-  5.7 

-  9.0 
-31.1 

36?5 
32.1 
32.3 
38.9 
47  7 
29.1 
28.2 
23  2 
28.5 

Nov.  19,  '08 

11''50"'0 

26.3 
21.3 

19.1 
19.0 
9  2 
7.2 
8.0 
3.9 
-17.8 

3215 

Nov.  20,  'OS 

ll''4o"'3 

3220 

3797 
3798 
3799 
3800 
3801 
3802 
3803 
3804 
3805 
3806 
3807 
3808 

-  6.8 

-  2.3 
7.4 
5.1 

13  2 
16.3 
16.0 
13  9 
15  5 
14.9 
-10.6 

-  8.9 

14  87 
14.38 
14.28 
14.97 
13.88 
13.68 
13  78 
13.98 
14.18 
13.88 
13.78 
14.67 

13.86 
13. 37 
13.27 
13  96 
12  87 
12  67 
12  77 
12.97 
13.17 
12.87 
12.77 
13.66 

5.9 
6.0 
-11.7 
-14.1 
-.30.0 
-29.7 
-31.2 
-35.1 
-.36  0 
-38.0 
-13.1 
-18.3 

19.9 
19.5 

Nov.  27,  'OS 

iii-se^s 

1.7 
0.0 
-17.0 
-16  9 
-18.3 
-22.0 
-22.7 
-25.0 

-  0.2 

-  4.5 

134 


P  f  B  L  I  <    .\  T  I  (>  N  S     OK    1  1  r  I.     ^'  K  R  K  E  S     (1  B  S.  H  R  V  A  T  O  R  Y 


Pl.\TE    XrMBEH 

ANP  Date 


NrUBEB 


3220  {conl.)     I     3R09 


322;j 
Nov.  28.  'OS 
ll''50"9 


I  AHI.K   l—t  ontinucd 
Diurnal  Motio.n 


LOKOITUDES  ON   DaTS  Of  OdsERVATION 


Latitodb 


Sidereal    |    Synodic 


1 


-Ififfi  14?57 

3S10        -U)  1  14.77 

3811         -16  5  15.27 


13?56  !  -10?2 
13  76  -  8.9 
14.26        -   .T  7 


3?5 
5.0 

■s  7 


6 

7 

ZONAL  SUMMARIES 

The  sidereal  motions  of  Table  I  are  collected  in  Talile  II  in  zones  five  degrees  wide.  At  the  head 
of  each  zone  are  given  the  mean  latitude  of  the  points  and  the  mean  7iiiirnal  sidereal  motion.  In  obtaining 
these  means  all  determinations  were  as^signed  equal  weight.  Those  points  which  wore  followed  for  intervals 
of  several  days  perhaps  give  more  accurate  determinations  than  tliose  followed  for  but  a  single  day,  but  in 
all  points  there  was  some  change  in  form  and  this  is  surely  larger  for  points  followed  over  considerable  inter- 
vals.    Therefore  the  assignment  of  equal  weight  is  considered  justifiable. 

TABLE  II 
Zonal  Su.mm.\riks 

Zone  0°  to  5°  ^  ^*''''"  Latitude  =  +  2?S8 

\  Mean  Diurnal  Motion=     14?58 


Dlumal 

Hollo- 

l)iurn.-tl 

Holio- 

Dlumal 

HeUo- 

Numbor 

Days 

Motion 

graphic 
Latitude 

Numbu! 

U.iis 

Motion 

graphic 

-Number 

Days 

Motion 

graphic 

Sidereal 

Sidereal 

Laliludc 

Sidereal 

Latitude 

164 

2 

13?57 

1?3 

2161 

o 

15?36 

3?8 

2701 

2 

14?.3S 

1?2 

277 

7 

14.55 

4   1 

2168 

2 

15.20 

4.8 

2704 

2 

14  43 

4.4 

340 

2 

15.15 

3  9 

2169 

2 

15.60 

2.7 

2764 

3 

14.6S 

4.1 

532 

•> 

15  19 

3  5 

2213 

2 

14.36 

4.9 

2770 

3 

14  01 

1.4 

581 

2 

15  53 

0.8 

2229 

2 

14. 15 

4.7 

2775 

2 

15  23 

1.1 

895 

2 
3 

14.60 
14.82 

1.6 
0  6 

2231 

2379 

2 
2 

14.92 
15.39 

0.1 
4.0 

2823 

2849 

2 
2 

15  09 
14  42 

3.8 

ia39 

1.2 

lOtif) 

2 

14  :« 

2  1) 

2388 

5 

14.26 

4.7 

2850 

2 

14.73 

1.4 

1328 

3 

14.79 

3  7 

2419 

2 

13.99 

4.9 

2851' 

2 

15  51 

2.1 

1515 

3 

15  20 

3  3 

2420 

2 

14.49 

4.6 

28.12 

2 

15  01 

3.8 

1520 

o 

15  25 

2  8 

2421 

2 

14.90 

1.8 

28.14 

3 

14  (>7 

0.8 

l.SSli 

2 

14  94 

2  9 

2445 

4 

14.99 

4.7 

2S6I 

2 

14   71 

4.9 

1587 

3 

15  26 

5  0 

2446 

2 

14.36 

4.8 

2S62 

3 

13  93 

0  4 

1604 

2 

14  30 

3  5 

2151 

4 

14.58 

OS 

2S6S 

•> 

14   71 

3  4 

1«M)9 

3 

13  iW 

5  0 

21.12 

2 

14.36 

3.2 

2S76 

3 

14  (>2 

4  3 

1790 

•t 

14  39 

4  0 

21.'>3 

2 

15.26 

4  1 

■   2S9() 

2 

13  71 

1.2 

I7'M 

2 
•> 

14  39 
13  71 

•J    1 
1    > 

•.M7.-. 
•_'.">l(l 

3 
•> 

14.75 
13. 18 

2.3 
3  1 

2S<t3 

2 
2 

14  93 
13  S5 

4  3 

17ir_'., ..!!.. 

29(K) 

4.8 

1793 

•> 

14  lis 

3.4 

2.149 

o 

14  77 

19 

■2'.>m 

3 

14    12 

7  0 

1797 

"> 

14   10 

4.5 

2.194 

2 

14  73 

4.S 

2'.r_>() 

2 

14  9S 

0  7 

18.36 

•» 

14.44 

4  6 

2.109.. 

6 

14  (i7 

3   1 

2!t2(l 

2 

15  .IS 

0  1 

1838 

2 

15  25 

4    I 

2612   . 

2 

14   72 

2   1 

29IS 

2 

14    IS 

2  5 

18:i9 

•» 

14  74 

3  U 

26.19 

2 

14    10 

0  7 

2949 

2 

14  43 

2  3 

1902 

2 

15  31 

4.2 

26.10 

2 

14  32 

2  4 

2972 

o 

15  03 

1.5 

1904 

•> 

14  93 

4.9 

2tS.1« 

4 

14  »it> 

4  9 

30a3 

o 

14    II 

13 

1929 

•) 

15  (W 

12 

26.17 

3 

14.05 

3.4 

30.12 

*> 

14  tY.i 

3  2 

HKW 

2 

14  42 

4  6 

26.18 

3 

14  72 

1.3 

30(W 

3 

14  22 

3  S 

I't70 

•> 

14  56 

3  6 

2(MV:{ 

3 

13  63 

3  5 

.3069 

•> 

14  51 

3  S 

I'.i7l    

•  t 

14  97 

2  6 

2(M18 

•> 

14  73 

0  4 

.3083 

o 

14  S2 

0  9 

l'.»7ii       

•1 

14  0.5 

3  2 

2671 

.1 

14    16 

2  n 

3140 

•■> 

14   61 

10 

vMi: 

*> 

14  W 

0  3 

2672 

5 

14  :ts 

3  2 

3141 

.> 

14   31 

3  7 

]••■••- 

2 

15  28 

4  0 

2673 

5 

14    19 

0  7 

3173 

•> 

13  7S 

1.5 

3 

II  61 

3  0 

2687 

4 

14  (rj 

4  0 

3174 

•» 

13  47 

3  5 

•> 

U    17 

I   9 

2<188 

2 

11  .10 

4  0 
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Zone  0°  to  -5' 


TABLE  ll—Conlinued 

o  /  Mean  Latitude  =—  2?65 

Mean  Diurnal  Motion  =     14?53 


Diurnal 

Holio- 

Diurnal 

Helio- 

Diurnal 

Holio- 

Number 

Days 

Motion 

graphic 

Number 

Days 

Motion 

graphie 

Numhop 

Days 

Motion 

grapliic 
Latitude 

Sidereal 

Latitude 

Sidereal 

Latitude 

Sidereal 

97 

4 

14?13 

-3?9 

2812 

2 

14?02 

-2?3 

3318 

2 

15?18 

-2?5 

208 

2 

13.71 

-5.0 

2813 

2 

14  23 

-4.2 

3329 

2 

15.71 

-1.1 

320 

2 

13.76 

-2.4 

2824 

2 

14.90 

-1.3 

3330 

2 

15.50 

-3.5 

336 

2 

14.81 

-4.5 

2828 

2 

14.02 

-4.0 

3376 

3 

14.55 

-4.0 

573 

2 

14.33 

-4.8 

2833 

2 

15.28 

-0.1 

3418 

4 

14.68 

-2  9 

640 

2 

14.37 

-2.8 

2834 

2 

14.90 

-1.5 

3446 

2 

14.16 

-4.1 

869 

2 

14.88 

-2.1 

2840 

2 

14.63 

-4.7 

3448 

2 

13.95 

-0  5 

870 

6 

14.23 

-1.1 

2841 

2 

14.53 

-0.2 

3449 

2 

14.37 

-2.3 

988 

•:> 

13  55 

—  4  6 

2842 

2 

15  05 

0  9 

3471 

.^ 

14.58 

14.58 

-4.) 
-2.0 

1179 

2 

13.99 

-3.3 

2869 

3 

14.13 

-3.6 

3472 

3 

1467 

2 

15.29 

-2.8 

2924 

2 

14.59 

-19 

3473 

4 

14.47 

-2.9 

1659 

2 

14.43 

-4.8 

2947 

2 

14.52 

-0.4 

3484 

•) 

14.71 

-2  7 

1938 

*) 

14.62 

-0.1 

2951 

2 

14.35 

-4.0 

3485 

3 

14.33 

-0.9 

2074 

3 

14.53 

-4.4 

2970 

2 

15.03 

-4.6 

3487 

4 

14.74 

-5.0 

2232 

2 

15.10 

-0.3 

2971 

3 

15.12 

-3.1 

3509 

2 

14.75 

-2.5 

2279 

2 

15.03 

-4.8 

2992 

2 

15.39 

-4.2 

3528 

3 

14.76 

-0.2 

2444 

•7 

14  96 

-0.9 

3001 

2 

14.41 

-4.6 

3529 

6 

14.48 

-0.7 

2450 

2 

14.06 

—2.2 

3002 

4 

14.91 

-0.1 

3541 

2 

14.82 

0.0 

2455 

2 

14  16 

—2  0 

3004 

5 

14  61 

4  1 

3546 

9 

14.92 
13  80 

-3.1 
-3  4 

2565 

3 

14.43 

-5.0 

3008 

2 

14.60 

-1.6 

3551 

2 

2566 

2 

14.61 

-1.5 

3009 

(i 

14.94 

-3.8 

3552 

2 

14.62 

-0.6 

2567 

4 

13.91 

-4.7 

3051 

2 

14.93 

-2.6 

3558 

2 

14.84 

-4.5 

2631 

•> 

13 .  96 

-3.2 

3088 

2 

14.62 

-4.6 

3560 

2 

14.12 

-2.1 

2642 

2 

13.74 

-3.2 

3089 

2 

14.01 

-4.4 

3592....... 

2 

14.99 

-0.3 

2662 

»> 

14.84 

-0.2 

3090 

2 

15.03 

-2.3 

3609 

2 

14.58 

-0.9 

2676 

o 

14.23 

-3.3 

3094 

2 

14.62 

-0.2 

3623 

2 

14.55 

-1.0 

2678 

3 

14.48 

-3.3 

3139 

2 

14.51 

-0.9 

3665 

4 

14  58 

-4  3 

2702 

2 

15.09 

-5.0 

3171 

2 

13.99 

-0.6 

3666 

4 

14.45 

-2.5 

2703 

•> 

14 .  69 

-2.9 

3178 

2 

13.77 

-2.0 

3679 

2 

15  00 

-4  8 

2719 

3 

14.87 

-3.5 

3179 

2 

14.58 

-4.9 

3685 

3 

14.54 

-0.5 

2726 

5 

14.17 

-3.4 

3182 

3 

14.59 

-4.2 

3699 

2 

15.00 

-4.7 

2731 

2 

14.81 

-0.6 

3197 

3 

14.90 

-3.7 

3704 

2 

14.43 

-2.7 

2735 

4 

13.89 

-2.1 

3287 

2 

13.95 

-3.3 

3717 

6 

14.13 

-2.4 

2807 

3 

15.03 

-1.9 

3288 

2 

13.77 

-3.1 

3738' 

4 

14.31 

-0.4 

2808 

3 

14.52 

-4.9 

3289 

2 

14.04 

-3.6 

3764 

3 

14.58 

-3.9 

2810 

2 

15.06 

-0.8 

3314 

2 

14 .  02 

-2.8 

3793 

2 

14.75 

0.0 

2811 

2 

14.85 

-0.5 

3315 

2 

13.70 

-3.2 

3798 

2 

14.38 

-2.3 
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Zone  5°  to  I't 


TABLE  II— Continued 
(  Mean  Latitude 


\|. 


=  +  7?86 
Diurnal  Motion  =     14?51 


Number 


Days 


144... 
27... 

272 ... 

274... 

278... 

294... 

295... 

299... 

300... 

305... 

339... 

362. . . 

393... 

421 .. . 

484... 

529... 

.530. . . 

.Wl... 

53;J... 

534... 

597... 

599... 

626.. 

627... 

62S... 

660... 

666... 

667... 

668... 

670. . 

671... 

689.. 

690... 

710... 

711... 

712... 

740. . . 

809... 

813... 

913... 

941... 
1004... 
KKJO. . . 

law... 

1031... 

1038... 

1084... 

1101... 

1148... 

1318  .. 

1319... 

1323.. 

1326... 

1327... 

1332... 

1341... 

1354... 

1392  .. 

1409... 

1440.. 

1441.. 

1452.. 

M&i.. 

1455.. 

1500. 

1501.. 

1521 

1535.. 


Diurnal 
Motion 
Sidereal 


15?28 

13  83 
14.49 
14.35 
14.34 

14  19 

14  30 
14.62 
14.45 

15  00 
14  2.5 
14  29 
14.09 
14  63 
14  a5 
14  .5.5 
14  s; 
14  44 
1.5  US 
14.44 
1.5  64 

I  I  l?l 

II  'I  I 
1  I  7^ 
I  I  ."..". 
1  I  ."..s 
14  15 
14  20 
I  I  36 
i:i  so 
i:;  '111 
1  I  ^^ 
n  '.IK 

14  IS 
14  IS 
14  17 

14  ()9 

15  .59 
14.65 

14  13 

15  23 
15  43 
14  4S 
14  .52 
14  32 
14  .52 
14  (>5 
14  S7 

14  77 

15  ICi 
13  97 
13.09 
15  0<i 
15  26 

13  77 

14  64 

13  0.5 

14  31 
14M 
14  45 
14  27 
14  IK 
13  IMI 
13  t)2 
13  94 

I  I    13 

I I  :!l 
I  I  >.i 


HpHo- 
graphic 
Latitude 


NunibtT 


8?1 


8.7 
9.1 
8.2 
7.1 
8.8 
9.5 


8.9 
6.2 
9  3 
9  7 
ti  2 
6  0 
6  2 
7.5 
9.1 
OS 
S.3 
S.7 
til 
0.7 
9.5 
7.0 
8.5 
SO 
'1  1 
•I  n 
(i  I 
s.s 
S.6 
6.0 
9  7 
8.8 
8.4 
9  0 
9  0 
6  7 
S.9 
10  0 
7.6 
6 
8. 
9 
9 
7. 


9. 

8. 
S 
9 
8  5 
S  0 

7  6 
!l  S 

8  6 
5  7 
7  9 

9  8 
5  5 
7  8 
K  7 


1536 

1.5.37 

1.587 

16a3 

1637 

164() 

1(171 

1699 

1700 

1737 

1738, 

1741 

1742 

17()4 

1791 

179.5. 

I79(i. 

1800 

1S.J2 

1833 

1S31 

1S3.5 

IS.37 

1S40 

1S12, 

1 843 

1 849 

18.50 

18.52 

1003 

1  'MV, 

I'.u:; 

101.") 

1939 

1941 

19.53 

10.54 

1961 

1961 

2(K)7 

2022 

202:{ 

2(r2» 

2020 

2033 

2057 

2071 

2116 

2117 

2110 

2120 

2103 

219.5 

2196 

2107 

220S 

2200 

2214 

2227 

222S 

2230 

22  IS 

22(10 

22i>(l 

2207 

220S 

•-VilO 


Days 


Diiunal 
Motion 
Sidereal 


14?64 
14  (14 
1.5  2(1 
14  .50 
14  .3.5 
13.93 
14.60 

13  99 

14  03 
14  69 
14.19 
14.39 
14.09 
14.49 
14.68 
14.49 
14.39 
14  00 
14.54 
14.44 
14.74 
15.05 
14.95 
14.84 
15.15 
14.95 
14.34 
15.55 

13  43 

14  93 
14.08 
14.65 
14  27 

14  S2 
1.5  02 

15  12 
14  S2 
14.52 
14.72 
14  46 
H  SO 
14  ()(i 
14  1(1 

13  7.5 

14  21 
1 4  (15 
14  03 
14  .35 
14  70 
II  20 
14.76 
14. 38 
14.28 
14  28 
14.89 
13.41 
14  61 

14  92 
1.5  10 

15  01 
14.73 
14.46 
14  .30 
14  64 
II  44 
II  01 
13  21 
11  68 


Helio- 
grapblc 
Latitude 


9?9 
9.7 
5.0 
SO 
0  3 
8.4 
7.5 
5.0 
7.1 
8.2 
9.9 
7.8 
7.3 
8.4 
9.9 
lO.Xi 
5.3 
6.4 
9.9 
7.9 
8.3 
6.0 
6.0 
6.6 
6.0 
9. 
9. 
.  8. 
0 
S. 
0. 


.4 
.1 
.6 
3 

,1 

.8 
-.8 


S. 


(14 
S.7 
5.3 
8.5 
8.3 
8  4 
0.1 
0  0 
S  I 
7.7 
9.3 
6.3 
8.9 
.3 
.6 
.5 
.5  • 


7. 

8. 

5. 

8.2 

6.5 

5.2 

5.9 

8.4 

5  1 

7.9 

7  0 

9  1 

7  5 
5  8 

8  0 
8  5 

8  5 
7  6 

9  0 
7.7 


Number 


2380.. 

23S1 
23S2 
2:{S(i.. 

•jxsr . . 
■j:iso . . 
■_':>'. '0. . 

2400. . 

2402.. 

24a5.. 

2406.. 

2414. . 

2415.. 

2417.. 

2418.. 

2447.. 

2448.. 

2449.. 

2454.. 

2471 

217(1   . 

2t7S   . 

2170   . 

21S0.. 

21S1.. 

24,St.. 

2tS5.. 

247S'. 

2.50  4 . . 

2.507.. 

2.50S.. 

2.516  . 

2.519.. 

2.541.. 

2610.. 

2611.. 

2614.. 

2640.. 

2641.. 

2643.. 

2651.. 

26.5  4 . . 

26.55.  . 

26.50 . . 

26(11.. 

266(1.. 

2660.  . 

2670. . 

2674.. 

2(1S5.. 

26S6. . 

260(1.. 

270.5.. 

276S.. 

2760.. 

2774.. 

2776.. 

27.S3.. 

2700.. 

2S()0. . 

2N(I1.. 

■.•S(12   . 

2S0I 

2S(M1 

2SII1 

2SI7 

2S.53 

2S.55.. 


Days 


o 
5 
5 
2 
3 
4 
2 
2 
2 
2 
2 
2 

4 
4 

4 
4 

3 
3 


Diurnal 
Motion 
Sidereal 


16?02 
15  .39 
15  39 
14.26 
14.15 
14. .38 
15  (10 
13.05 

14  24 
14.29 
14.09 
13.58 
14.19 
14.39 
14.09 
13.86 
14.30 
15.06 
14.67 

15  (X) 
14.75 
15. 58 
14.75 

1 5. 54 

14  51 

15  (Mi 
14.23 
14.96 
15.38 
14. 9S 
14  16 
14  OS 
14  24 

14  17 

15  13 
14.31 
14.62 
14.50 
14.84 
15.17 
13.81 
14  67 

14. 55 
14  42 

14  .5;} 

15  40 
14  00 
14  72 
14  .58 

13  05 

14  33 

13  08 
14. 50 

14  62 
14  .52 
14  II 

14  41 

15  43 
14  10 
14.30 
14.47 
14.40 
14.62 
14.88 
14.21 
14  63 
14.71 
14.71 


Hplio- 
grapliic 
latitude 


9?7 
6.9 
5.7 
8.2 
6.9 
8.1 
9  1 
6.0 
7.6 
8.8 
8.8 
7.8 
9.9 
8.7 
5.7 
9.1 


7.0 
7.9 
7  9 
9.5 
7.1 
0.0 
9.3 
6.1 
7.2 
8.1 
5  .5 
10.0 
OS 


.') 


5.2 
6  5 
7.8 
9.8 

6  3 
6.7 
8.4 
9.0 
5  7 

8  6 

7  9 
5  S 

5  S 
6.7 

9  2 
SO 
9.6 
0  5 
7.4 

6  9 

4  S 

6  1 

8  9 

9  0 
7.8 

10.0 

8.0 

10.0 

10.0 

7  8 
6  0 

5  6 

8  0 
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TABLE  n— Continued 
Zone  5°  to  10°— Continued 


Number 


28o7 
2.S()3 
28C4 
28(55 
2867 
2873 
2891 
2892 
2901 
2906 
2907 
2908 
2910 
2953 
2957 
2960 
2961 
2968 
2969 
2977 
2979 
2980 
2982 
2983 
2984 
2999 
3011 
3012 
3015 
3028 
3029 
3043 
3046 
3048 
3049 
3053 
3070 
3092 
3123 
3124 


Days 


3 
3 
3 
3 
3 
2 
2 
3 
2 

3 
3 
3 
3 
2 

3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3 


Diurnal 
Motion 
Sidereal 


14?92 
14.57 
14.52 
14.52 
13.88 
14.41 
14.51 
14.62 
14.63 
14.01 
14.58 
14.27 
14.42 
13.45 
14.98 
14.37 
14.88 
14.14 
14.44 
14.53 
13.74 
13.93 
14.51 
14.80 
13.92 
14.70 
14.46 
15.21 
14.63 
15.08 
13.89 
14.73 
14.30 
14.41 
13.98 
14.63 
15.36 
15.03 
14.48 
14.52 


Hclio- 
Kraphic 
Lalitmlc 


6?6 
9.1 
5 . 5 
9.7 
6.7 
7.4 
6.7 
7.0 
5.7 
7.9 
5.2 
8.2 
7.0 
9  0 
6.4 
9.7 
7.7 
6.3 
8.7 
9.6 
6.0 
8.4 
8.6 
7.5 
7.3 
7.5 
7.6 
8.7 
9.9 
9.8 
7.5 
9.4 
9.3 
8.5 
6  1 
6.9 
9.S 
9.3 
9.3 
7.1 


Number 


3133. 
3136. 
3137. 
3138. 
3143. 
3175. 
3220. 
3228. 
3229. 
3230. 
3255. 
3261. 
3262. 
3269. 
3270. 
3271. 
3272. 
3282. 
3303. 
3304. 
3305. 
3328. 
3343. 
3354. 
3361. 
3362' 
3354' 
3359' 
3360' 
3370. 
3400. 
3401. 
3402. 
3403. 
3404. 
3405. 
3443. 
3457. 
3458. 
34.59. 


Days 


Diurnal 
Motion 
Sidereal 


13?98 
15.62 
13.86 
13.98 
13.92 
15.08 
13.21 
14.34 
14.09 
14.88 
13.94 
14.21 
13.68 
14.86 
13.58 
14.50 
13.95 
14.41 
14.23 
15.29 
15.08 
13.27 
14.27 
14.22 
14.95 
14.74 
14.65 
14.65 
14.34 
14.29 
14.76 
14.78 
14.78 
15.34 
14.32 
14.71 
14.98 
14.38 
14.71 
14.53 


HeUo- 
graphic 
Latitude 


9?4 
6.3 


6. 

8. 

5. 

8. 

9. 

6.4 

7.4 

8.4 

5.6 

8.2 

7.6 

9.2 

6.0 

7.7 

9.2 

10.0 
5.4 
5.1 
7.8 
7.3 
9.9 
9.5 
7.4 
5.3 
9.1 

10.0 
9.3 
7.0 
8.9 
9.2 
6.2 
9.8 
9.1 
5.3 
8.2 
7.1 
9.9 
8.8 


Number 


3460 

3474 

3493 

3496 

3497 

3501 

3563 

3564 

3566 

3569 

3585 

3602 

3605 

3611 

3619 

3624 

3632 

3633 

3662 

3664 

3667 

3668 

3729 

3730 

3735 

3737 

3742 

3743 

3744 

3746 

3753 

3781 

3782 

3785 

3786 

3791, 

3795 

3799 

3800 


Days 


4 
5 
2 
2 
2 
2 
2 
4 
2 

9 

2 
2 
2 
2 
2 
2 
4 
5 
2 
4 
6 
6 
3 
4 
4 
4 
4 
2 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


Diurnal 
Motion 
Sidereal 


Helio- 
graphic 
Latitude 


14?61 
14.90 
14.37 
14.47 
13.31 
14.47 
14.50 
14.43 
14.41 
14.12 
15.29 
13.98 
14.18 
14.35 
14.75 
13  57 
14.71 
14.53 
13.09 
14.77 
14.60 
14.36 
15.28 
14.67 
14.71 
14.43 
14.48 
14.53 
14.93 
14.81 
15.01 
14.45 
15.26 
14.65 
14.75 
15.16 
13.95 
14.28 
14.97 


8?2 
6.9 
6.0 
7.0 
9.6 
6.7 
7.9 
5.8 
5.8 
8.3 
10.0 
9.8 
9.8 
9.2 
6.9 
9.5 
6.8 
8.2 
6.5 
7.4 
9.0 
7.4 
8.0 
8.5 
8.6 
8.5 
7.5 
8.8 
7.1 
5.2 
9.4 
6.2 
6.2 
6.0 
7.2 
8.9 
7.1 
7.4 
5.1 
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TABLE  11— Conlinued 


Zone -5°  to  -  10°  ^ 


j  Mean  Latitude 


=  -  7?71 


M.Mii  Diurnal  Mntinn  -     1 1°.VJ 


Uiuntul 

ll.'li..- 

Diurnal 

IMio- 

Diurnal 

Hello- 

Number 

Days 

Motion 

Kruphii- 

Xunibcr 

Days 

Motion 

KiMpliii' 

N  umber 

Days 

Motion 

graphic 

Sidvroal 

Latitudf 

.'^idiTfal 

Latitutk' 

Sidereal 

Latitude 

96 

4 

14?19 

-  5?6 

2528 

1 

1  l.l.L' 

-  6?0 

2967 

3 

14?04 

-   9?1 

208 

2 

13.71 

-  5.0 

2.VJ9 

3 

14.27 

-   7.1 

2985 

2 

14.31 

-   8.1 

249 

2 

14  76 

-  9.8 

2504 

•> 

14.27 

-  9.2 

2990 

2 

14.11 

-  8.5 

288 

4 

14.99 

-  0.2 

2505 

3 

14.43 

-  5.0 

2991 

2 

14  60 

-   5.7 

335 

3 

14.82 

-  7.4 

2578 

3 

14.58 

-  7.7 

2993 

2 

15  00 

-  6.8 

383 

4 

13.63 

-  6.S 

2580 

2 

14.56 

-  5.7 

2994 

2 

15 .  09 

-  8.2 

384 

5 

13.90 

-  8  0 

2581 

3 

14.79 

-  6.1 

3000 

4 

14.36 

-  6.5 

414 

2 

14.31 

-  9.1 

2030 

2 

15.17 

-  7.8 

,3005 

2 

14.80 

-  5.7 

416 

2 

14.73 

-  S.7 

2034 

2 

15.06 

-  8.9 

3(«)0 

2 

14.80 

-  7.4 

572 

2 

14.01 

-10.0 

2060 

2 

14.01 

-  8.9 

3007 

5 

14.71 

-  5.2 

579 

2 

15.11 

-  5  5 

2079 

2 

14.50 

-  6.0 

3010 

4 

14.23 

-10  0 

580 

2 

14.79 

-  7  3 

2080 

4 

14.74 

-  6.8 

3013 

2 

14.14 

-  5.9 

582 

2 

14.15 

-  9.5 

26S2 

4 

14.85 

-  5.7 

3017 

3 

14.65 

-  8.2 

585 

2 

14.68 

-10.0 

2684 

3 

14.74 

-  7.8 

3020 

3 

14.16 

-  9.9 

734 

3 

14.47 

-  5.1 

2689 

3 

14.53 

-  6.5 

3021 -.. 

3 

14.51 

-  8.0 

868 

6 

14.12 

-  6.8 

2692 

2 

14.69 

-  9.2 

3022 

3 

14.85 

-   7.1 

885 

3 

13.96 

-  8.3 

269S 

2 

14.38 

-  8.0 

3025 

2 

14. 58 

-  9.9 

886 

3 

14.  a5 

-  CO 

2699 

2 

13.98 

-  6.6 

3034 

2 

14.68 

-  9.9 

889 

2 

14.15 

-  8.0 

2702 

2 

15.09 

-  5.0 

3081 

2 

14.72 

-  6.7 

1057 

3 

14.92 

-  SO 

2714 

2 

14.32 

-  8.5 

3082 

2 

14. 52 

-  5.5 

1065 

3 

14  67 

-  8.3 

2715 

2 

14.05 

-  9.9 

3087 

2 

14.41 

-  6.3 

1132 

2 

15  03 

-  5.7 

2717 

2 

14.52 

-  9.1 

3091 

2 

14.62 

-  9.7 

1165 

2 

14  20 

-  OS 

2725 

3 

14.82 

-  5.6 

3098 

4 

14.45 

-  8.9 

1186 

•> 

10  m 

-   7  0 

2732 

5 

14.15 

-  6.7 

3125 

2 

15.55 

-  8.1 

1238 

■> 

14  3.-) 

-  9  0 

2733 

•> 

14..-)2 

-  8.4 

3126 

2 

14.65 

-.  7.2 

140S 

2 

14. Ill 

-  7.1 

27.34 

4 

14.48 

-  8.6 

314S 

2 

14.12 

-  9.0 

1470 

2 

15  94 

-  SO 

2739 

o 

13.93 

-  7.1     ' 

3149 

2 

14.05 

-  9.3 

1658 

2 

14  23 

-  0  1 

2740 

2 

14  71 

-  8.2 

31.54 

2 

13.06 

-  6.3 

1701 

3 

H  05 

-    S,5 

2744 

3 

14.72 

-  6.8 

3170 

2 

13.06 

-  7.0 

1702 

2 

14  05 

-   7.0 

27.56 

3 

15.19 

-  7.2 

3180 

2 

14.48 

-  9.5 

1752 

2 

14.49 

-  9.5 

27.57 

3 

14.93 

-  7.2 

3181 

3 

14.44 

-  7.0 

1763 

2 

14.39 

-  5.1 

2706 

3 

14.67 

-  5.5 

3223 

3 

14.64 

-  9.5 

1769 

2 

14.99 

-  8.8 

2771 

o 

14.94 

-  8.0 

3232 

2 

14.07 

-  8.7 

1808 

2 

15  35 

-  6.9 

2777 

2 

14.11 

-  8.1 

3253 

2 

14.34 

-  9.3 

1809 

2 

13.23 

-  9.4 

2789 

2 

13.59 

-  7.0 

3286 

2 

14.50 

-  6.7 

1810 

2 

15  35 

-  7.0 

2790 

2 

14.00 

-10.0 

3319 

2 

15.08 

-  5.8 

1864 

2 

13  82 

-  9  2 

2814 

o 

14.33 

-  7.0 

3320 

2 

14.55 

-  7.4 

1940 

2 

14  01 

-  8,7 

2815 

2 

15.27 

-  9.1 

3321 

2 

14.76 

-10.0 

1991 

2 

14  97 

-  9.7 

2825 

2 

13  55 

-  5.3 

3322 

2 

15.40 

-  8.1 

2004 

2 

14.34 

-  9.1 

2826 

2 

14.22 

-  8.1 

3346 

2 

15.39 

-  6.8 

2069 

4 

14.35 

-  7.7 

2827 

2 

14.61 

-  5.9 

.33.55 

3 

15.29 

-  6.0 

2075 

3 

15  34 

-  7.8 

2829 

2 

14.51 

-  7.9     1 

3302 

4 

14.69 

-  5.9 

2076 

3 

14  03 

-  9.1 

2843 

2 

13.69 

-  6.6     , 

3304 

3 

14.09 

-  7.9 

2081 

2 

13  75 

-  9.8 

28.8S 

3 

14  92 

-  9.9     1 

3.}(i5 

3 

14.07 

-  5.8 

2082 

2 
2 

13.88 
14  46 

-  8.7 

-  8.1 

2H.S9 

2898 

2 
2 

14.11 
14.93 

-  5.2     ! 

-  8.9     1 

.3377 

3.378 

3 
3 

14.72 
14.17 

-  6.9 

2237 

-10.0 

2238 

2 

14  92 

-  8  7 

2903 

3 

14. 37 

-10.0 

3391 

3 

14. 37 

-  8.6 

2239 

2 

14  92 

-  0  2 

2917 

2 

14.19 

-  8.2 

3.392 

3 

14.47 

-  7.6 

2285 

4 

14  25 

-   7  () 

2918 

•' 

14. 59 

-  9.4 

3408 

3 

13.92 

-10.0 

2325 

4 

14  47 

-   0  3 

2919 

■' 

14.29 

-  8.5 

3419 

2 

14.56 

-  8.9 

2338 

3 

14  78 

-   9  6 

2921 

•  > 

14  09 

-  6.8 

.3422 

2 

15.08 

-  7.6 

2344 

2 

15  58 

-  8.7 

2922 

•> 

14  .39 

-  6.2 

3433 

4 

14.37 

-  6.0 

2352 

2 

14  .W 

-   0  6 

2923   . 

•) 

14  .39 

-  5.7     1 

34.50 

•7 

14.47 

-  8.1 

2442 

4 

14  M 

-   9  S 

2927 

•> 

14  HO 

-  0.6     1 

3451 

2 

14.26 

-  9.0 

2443 

4 
4 

14  75 
14  .32 

-  0  5 

-  9  7 

2!r2H 

2929 

2 
2 

14  60 
14  40 

-  7.4 

-  9  2 

34.53 

3402 

2 
3 

14.47 
14.59 

—  6  4 

2408 

-  8.8 

2496 

.> 

1  1  .{T 

-    9  9 

7   II 

29 10 

'j'lii^; 

2 

14  43 
14.44 

—  5.7 

-  7.0     i 

3170 

34S7 

5 
4 

14  86 
14.74 

-  7.3 

2505. . . 

-  5.0 

2527... 

"-' 

''   -' 

j'liii 

■'• 

13  84 

-   7.9     1 

35.32 

4 

14.34 

-  9.2 
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TABLE  U— Continued 
Zone  -5°  to  -10°  —Conlinued 


Number 

Days 

Diurnal 
Motion 
Sidereal 

Helio- 
grapliic 
Latitude 

Nuniljcr 

Days 

Diurnal 

Motion 
Sidereal 

Helio- 

graphic 
Latitude 

NumlifT 

Day.s 

Diurnal 
Motion 
Si(l(!real 

H<'Im>- 
Krapliic 
l^atitude 

3535 

3536 

3537 

3540 

3547 

3554 

3556 

3561 

3570 

3572...'.... 

3574 

3608 

3629 

3630 

3 
2 
2 

4 
3 

2 

5 
2 
4 
2 
3 
2 
2 
2 

15?35 
14.62 
14.51 
14.50 
14.32 
14.94 
14.47 
14.12 
14.09 
14.79 
15.53 
14.18 
14.16 
14.35 

-  9?9 

-  7.8 

-  7.6 

-  8.0 

-  7.1 

-  5.5 

-  5.3 

-  9.7 

-  7.6 

-  8.0 

-  8.9 

-  5.4 

-  7.8 

-  8.6 

3648 

3657 

3663 

3678 

3680 

3681 

3682 

3683 

3692 

3701 

3705 

3708 

3709 

3715 

2 
2 
7 
2 
3 
3 
3 
3 
3 
2 

3 
3 
3 

4 

14?66 
13.97 
14.38 
14.67 
14.96 
14.29 
14.33 
14.39 
15.02 
16.03 
14.70 
14.55 
14.75 
14.18 

-  9?9 

-  7.9 

-  6.7 

-  8.1 

-  8.4 

-  6.2 

-  6.1 

-  8.9 

-  9.8 

-  7.1 

-  7.4 

-  7.2 

-  8,5 

-  8.9 

37.32 

3760 

3761 

3762 

3763 

3767 

3772 

3778 

3783 

3794 

.3797 

3808 

3 
3 
3 
3 
3 
5 
3 
3 
2 
2 
2 
2 

14?90 
14.18 
14.84 
14.64 
14.08 
14.42 
14.99 
14.87 
15.46 
14.75 
14.87 
14.67 

-  8?6 

-  7.7 

-  7.6 

-  7.7 

-  8.0 

-  5.8 

-  6,9 

-  9.6 

-  5.2 

-  9.0 

-  6.8 

-  8,9 
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TABLE  11— Continued 


Kuml)iT 


40... 

41... 

5S... 

98... 
143... 
165... 
167... 
173... 

17... 

18... 

19... 
191.. 
194.. 
196.. 
209.. 
212.. 
213.. 
214.. 
227.. 
252!'. 
267.. 
268.. 
269.. 
273.. 
2S6. . 
298.. 
304.. 

306.. 

307.. 

313.. 

327.. 

338.. 

343.. 

344., 

345.. 

350.. 

361.. 

363.. 

364.. 

371.. 

385.. 

387.. 

398.. 

400.. 

409.. 

425.. 

439. . 

448.. 

473.. 

4*<2.. 

48;}.. 

500.. 

511.. 

513  . 

515.. 

510.. 

517 

51^ 

5;i7 

5:ts 

IVSJ 

(i:!- 

fii^ 
nv 

6<.l 


Days 


3 

3 

2 

2 

3 

2 

3 

3 

2 

2 
5 


2 
3 
5 
7 
2 
2 
4 
7 
2 
2 
2 
2 
2 
2 
2 

2 
o 


Diurnal 
Motion 
Sidereal 


15°24 
15  24 
lo  14 
14.55 
14.69 
14.88 
13.96 
15.08 
14  97 
14.60 
14.60 
13.96 
14  70 
14  20 
14.70 

13  40 
14.33 

14  33 
14  73 
13  90 
14.41 
12.74 

13  98 
14.55 
13.95 
14.08 
13.97 
13.54 
13.76 
14.84 

14  26 
14  4S 
14.13 
14  37 
14  92 
14  37 
14  46 

13  79 

14  12 
14.94 
13..=)8 

13  94 
14.44 
14.16 

14  02 
14  01 

13  13 
14.90 
14.69 
14+4 

14  sr, 

14  T.i 

14  .S4 

14  31 

14  31 

14  8-1 

14  10 

14  SI 

14  III 


Zone  10°  to  15' 


/  Mean  Latitude 


=  +  12?49 


\  Mean  Diurnal  Motion=     14?33 


Hollo- 
Rraphic 
Latitude 


14 
13 

14 

I  I 


23 
19 

m 
1)1 


:  I  SI 

I  I  1.' 


12?8 

13  2 

14  9 
12.1 
14.6 
10.4 
14  0 
12.0 
11.4 
12  9 
14  0 
12  7 
l.VO 
14  1 
1:5  1 

l.T  0 


Number 


13  0 

10  4 
117 

12  4 
10.5 

11  3 

11  9 
10.9 
l.i  0 

14  (■) 
10  9 
12.5 
11.2 
13.9 

13  1 

12  5 

14  4 

14  (i 

13  2 
14 
11 
11 
12 
14 
13 
10 
14 
14 
II 

15  0 

14  2 

13  9 

14  3 
12  2 

10  4 
12  4 
12  0 
14  8 
14  5 

12  1 

13  7 

11  .'■ 

13  '.» 
14.0 
11.4 

14  « 
13  2 
II  s 

II  n 

II  9 

10  7 

11  S 


Days 


Diurnal 
Motion 
Sidereal 


665 

669 

3 

7 

072 

2 

073 

2 

074 

2 

083 

2 

684 

2 

0S6 

2 

688 

2 

71.5 

3 

71S 

3 

720 

2 

743 

2 

7.52 

2 

771 

2 

772 

2 

773 

2 

7S'( 

2 
2 

797 

800 

2 

SO.') 

2 

SOS 

4 

S27 

4 

S30 

2 

S31 

2 

S4.5 

2 

S46 

3 

851 

3 

858 

3 

859 

3 

SOO 

4 

S71 

2 

S72 

3 

S75 

2 

.S7(J 

0 

890 

3 

S91 

3 

911 

2 

912 

2 

933 

2 

9.54 

2 

9.T.H 

2 

959 

2 

9*)1 

3 

903 

3 

9()S 

3 

9«i9 

3 

974 

3 

983 

3 

9S4 

2 

9S.'i 

3 

9S7 

3 

993 

2 

99»; 

2 

1(K)I 

2 

KHI-J   . 

2 

|(KI.'( 

3 

10311 

2 

1033 

3 

1031 

2 

103.". 

3 

I0.3ti 

;; 

10.37 

HID, 

:; 

lOI'.l 

•J 

KHIT 

■J 

1070 

- 

14?64 
14.10 
14  .56 
14.18 
14. 2S 
14  85 
14.00 
14.24 
14.88 
14.47 
13.70 
14.34 
14.29 
14.39 
13.93 
14.74 
14.13 
13.93 
14  66 

14  Oo 
15.09 
14.34 
14.36 
12.00 
13.83 
14.08 

13  95 
14.78 
14.25 
14.55 
14.59 

.14.08 
14.21 
14,67 
14.88 
14.14 
14.44 
14.53 
13. 53 

15  73 

14  73 
1 4. 55 
13.05 
13.72 
13.87 
13.77 
13.87 
14  22 

13  77 

14  25 
14  37 
13  1)2 
14.20 

13  70 

14  .50 

13  .50 
11  tiS 
II   .52 

14  12 
1.5  (K! 
14  .52 
14  42 
14,22 
13  s;! 

13  SI 

14  72 
14  23 


Hclio- 
graphic 
Latitude 


I4?2 
10.2 
10.4 
12.3 
13,9 
14,1 
11,9 
12,5 
13,5 
10,1 


14,5 

14  4 

14,6 

14.4 

14..  2 

13.5 

12.7 

12.3 

13.0 

11.2 

12.0 

12.6 

10.4 

12.0 

12.4 

12,9 

13,  S 

13,1 

10,3 

11,2 

11,2 

10.9 

13,3 

10,7 

12,0 

11,6 

13,9 

12,1 

13,7 

14  S 

14,0 

10.  S 

13.7 

11.2 

14.2 

10.4 

14.3 

12  5 

12.1 

11.7 

11.9 

14.1 

13.2 

10.7 

III 

14  0 

12  4 

100 

1 1. 9 

no 

10  5 
II 

10  7 
I  1  5 
I  I    3 

11  2 
It   II 


Xuraher 


I. 


Diurnal 

I  Days  I    Motion 

"    Sidereal 


1085 

1086 

4 

1097....... 

3 

1098 

2 

1102 

4 

1103 

4 

1126 

3 

1135 

2 

1131) 

2 

1137 

2 

11.50 

2 

1151 

2 

11.52 

2 

1170 

•> 

1174 

•) 

1190 

.'. 

1 193   . 

•> 
3 

1199 

1207 

3 

1211 

.) 

1245 

:; 

12.50 

4 

1.305 

3 

1320 

4 

1321 

3 

1324 

3 

1325 

4 

1329 

4 

1330 

3 

1337 

3 

1340 

3 

1342 

2 

1348 

7 

1.349 

7 

13.50 

7 

1.3.56 

0 

1410 

•> 

1414 

2 

1410 

3 

1417   . 

.■» 

1 430 

'J 

1142   . 

;; 

1443 

■J 

1445 

'J 

1446 

2 

1447 

2 

1450 

2 

1454 

2 

1.502 

3 

1.503 

3 

1.504 

3 

1511 

2 

1519 

2 

1522 

2 

1.523 

2 

1524 

2 

1.520 

2 

1.527 

2 

1.533 

2 

1534 

2 

1.540 

2 

1.544 

3 

1.545 

•> 

1.5-17 

.3 

1.549 

2 

1.5.50       

2 

1.5.511 

2 

1.557 

14?10 
14.35 
14.80 
14,47 
14,11 
14, .30 
14,40 
14.87 
14.07 
14.37 
13.87 
14,47 
14,37 
15,57 
14  .52 
14  .52 
13,89 
13,74 
14,02 
14,65 

13  69 
14,53 
14,79 
14.29 
14.23 
14.44 
14.24 

14  56 
13.97 
14.27 
14.17 
14,24 
14.26 
14.20 
14  55 
14  40 
14  61 
13.53 
13.27 
14.04 

•13  90 
14  IS 
14  27 
14.18 
14.08 
14.55 
13.81 
13.16 
14.47 
14,67 
13,60 
15,04 
13.65 
14  31 
14.22 
14.78 
13.65 
14.12 
13.94 
14.15 
14,45 
13,58 

13  76 

14  13 
14  64 
14  64 

13  66 

14  55 


Hclio- 
graj)liic 
l,,atitude 


11?5 
11  3 
11,7 
12.1 
11.5 
14  7 
10.9 
11.4 
13.1 
14  2 
13.9 
11.2 
13.3 
12.4 
13.9 

11  9 
12.1 
14.2 
14.6 
14.2 
13.8 
13.0 

12  0 
13.8 
12.6 
13.1 
11.7 
10  9 
12.0 
12.7 
10  2 
12.8 
13.9 
10.1 
14  9 
12  3 
111 
12.3 
12.4 
14.9 
10.2 
10.8 
11.4 
10.9 
10.3 
13.5 
12  2 
10.2 
11.9 
14.1 
13.2 
14.0 

12  8 
10  4 

14  I 

15  0 

13  3 

13  0 
12.0 
12  6 

14  6 

12  5 

13  0 

12  3 

13  3 

15  0 
12  3 
12  7 
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TABLE  II— Continued 
Zone  10°  to  \^°— Continued 


Number 


1558.. 

1559.. 

1560.. 

1561.. 

1562. 

1565.. 

1589.. 

1598.. 

1600. . 

1609.. 

1604'. 

1622.. 

1623.. 

1627.. 

1634.. 

1635.. 

1638.. 

1645.. 

1669.. 

1670.. 

1672.. 

1679.. 

1680. . 

1696.. 

1722.. 

1723.. 

1739.. 

1740.. 

1771.. 

1795.. 

1801 . . 

1802,. 

1803.. 

1807.. 

1813.. 

1831.. 

1841.. 

1851.. 

1855.. 

1905.. 

1907.. 

1912.. 

1916.. 

1919.. 

1920.. 

1921.. 

1925.. 

1952.. 

1955 . . 

1956.. 

1957.. 

1959... 

1960. . , 

1981.. 

1984.. 

2015.. 

2025... 

2027... 

2034... 

2038... 

2041... 

2055... 

205'5... 

2058... 

2064... 

2077 . . . 

211S... 

2136... 


Dayt- 


2 
5 
3 
5 
3 
3 
2 
4 
2 
5 
3 
3 
3 
3 
3 
3 
3 
2 

2 

2 
3 

3 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

o 


Diurnal 
Motion 
Sidereal 


14?P4 
14.11 
14.82 
14.13 
14.08 
14.37 
13.95 
14.  ■-•9 
14.70 
14.50 
13..S6 
14.19 

13  79 
13.81 
14.35 
14.40 
14.55 
14.33 
15.17 
14.44 

14  09 
14.24 
13.. SS 
13.82 

13  45 
13.65 
14.09 
14.19 
13.79 

14  49 
12.94 
14.14 
15.05 
14,34 
14,24 
14,34 
14,95 
14,44 
14.24 
14.46 
14.46 
14  65 
13,51 
15,31 
]3,cS9 
14,93 
14,08 
13,91 
11,11 
14,62 
15,02 
14,01 
14,62 
14,36 
14.20 
15,10 
14,18 
14,28 
14,68 
14,65 
14,26 
14,45 
14,48 
14,28 
14,14 
14,28 
13,90 
14,01 


Helio- 

grai)liic 
Ijatitiide 


10?1 
14,5 
14,3 
12,2 
11,2 
13,5 
13,9 
11,2 
12,8 
11,6 
13,2 
12,2 
14  6 

11  2 
14.6 

13  5 
12,6 
12,0 
12,4 
11,2 

14  2 
13  0 
14,2 
13,5 

12  9 
14,2 

10  5 

11  9 
12.4 
10,0 
13,5 
10  1 
112 
15,0 
14,1 
10  2 
12,5 
10  7 

13  9 
110 

14  7 

10  s 

11  5 

12  2 
10,1 
13,9 
14,8 
14  0 
14.4 
12,4 
10,8 
14.5 

12  0 
14  2 

13  1 

10  4 
11,5 
11,9 
11,5 

14  2 

11  ,8 
10,7 
118 
13,7 

12  3 
14,2 
10,9 
14,8 


Number 


2151, 
2156. 
21.58. 
2159. 
2160. 
2163. 
2165. 
2166. 
2170. 
2171. 
2172. 
2190. 
2191. 
2192. 
2215. 
2217. 
2221 . 
2226, 


2253. 

2255. 

22.56. 

22.58. 

2259. 

22S9 , 

2291  , 

2293 , 

2291. 

2295. 

2302. 

22.54. 

2.331.. 

2.332.. 

2333.. 

2.366.. 

2.378.. 

2383.. 

2390.. 

2391 . . 

2397.. 

2.398.. 

2403.. 

2401.. 

2423.. 

2462,. 

2463.. 

2464,, 

2465,, 

24S2,, 

21,S3,, 

2.509., 

2510,, 

2513,, 

2516,, 

2.539,. 

25.53.. 

2.554.. 

2568.. 

2.569.. 

2573.. 

2.574.. 

2.576.. 

2.582.. 

2588.. 

2.589.. 

2613.. 

26.53.. 

2665.. 


Days 


5 

7 
4 
2 

3 
4 
2 
4 
3 
2 

3 
2 

3 
2 

2 

.3 

4 
4 


l,>turnal  Helio- 

Motlon         graphic 
Sidereal        Lalitude 


Number 


14?  73 
13,72 
13. 59 
13,72 
13.97 
14.99 
15.20 
14.79 
14.89 
13.91 
14.06 
15.30 
14.99 
14.09 
15.47 
13,90 
15,10 
14  92 

13  (;5 
13. 35 
14,28 
14,59 
14,01 
13. 55 
14,20 
14,26 
14,18 
14,04 
14,24 
14,15 
14,54 
15,21 
13,72 
14,31 
13,74 
14,44 
14,97 
14,55 

14  65 
13,92 
14,13 
14,09 
14. 59 
14  09 
13  96 
13  27 
14,49 


13 
14, 
14, 
14, 


71 
75 
58 
59 
14,40 
14,63 
14,98 
13,65 
14,20 
13,94 
14,25 
14,32 
14. 50 
14,17 
14,38 
14,25 
15,14 
14,83 
15  07 
14,70 
14,01 


12?3 

11.3 

10.4 

11.4 

13.7 

14.8 

12.6 

12.7 

15.0 

14.9 

12.2 

11.3 

10.6 

11.5 

14.6 

12.9 

12.7 

10.6 

12.2 

11.1 

11,1 

13,5 

14,0 

11,2 

13,6 

14.3 

13.0 

10.1 

11.9 

10.8 

11.4 

14.4 

15.0 

14.4 

14.0 

13.6 

10  9 

11.2 

10  7 

12  4 

11.3 

12  2 

14, S 

14,0 

13,0 

14  7 

13,1 

14.2 

12  7 
12.9 
11.8 
111 

13  1 
10,0 
11,6 
12,9 
14,3 
12,7 
14,2 
10,8 
13,4 
13,2 
13,9 
11,3 
11,9 
11,9 
10,8 
14,7 


2675. . 

2695. . 

2697.. 

2706.. 

2727.. 

2728.. 

2747.. 

2765.. 

2767.. 

2772.. 

2773.. 

2784.. 

2793.. 

2794.. 

2795.. 

2801 . . 

2803.. 

2804.. 

2806.. 

2809.. 

2819.. 

2820. . , 

2835. . . 

2836... 

2844 . . . 

2845... 

2848.,, 

2851,,, 

28.56,,, 

:^8,58, . . 

28.59. . . 

2860. . . 

2866.. . 

2870,,, 

2871 , . . 

2874.,, 

2875,.. 

2894. . . 

2895... 

2896... 

2899... 

2902. . . 

29.50.., 

29.54,., 

29.59... 

2973... 

2978... 

3014,., 

3016. . . 

3023... 

3027... 

3030. . . 

3031... 

.30.32.., 

3040. . . 

3041... 

3042... 

3044... 

3045,., 

3047... 

30.54... 

3107... 

3108... 

3109. . . 

3112... 

3113... 

3116... 

3117... 


i>iurnal 
Days     Motion 
.Sidereal 


3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
4 
2 
2 
3 
3 
3 
2 
2 
3 
2 
2 
2 
2 
2 
2 


(lelio- 
graphic 
Latitude 


14?48 

13?8 

1 4. .59 

10,7 

14,38 

11,0 

14.41 

12.6 

14.11 

13.4 

14.04 

14.4 

14.06 

14.5 

14.47 

10.5 

14.78 

12.0 

14.83 

13.0 

14.78 

10.9 

14.92 

11.6 

14.26 

14.2 

15.11 

11.7 

14.. 52 

11.3 

14.47 

10.0 

14.50 

12.6 

14.62 

10,0 

14.88 

10,0 

14.96 

10,6 

14.12 

13  6 

14.41 

14,9 

14.42 

11.9 

14.01 

12.1 

14,63 

10.8 

14,42 

12,2 

15,15 

10,3 

14,42 

11,6 

15,21 

10,3 

14.33 

11.5 

14.77 

13.3 

13.78 

11.9 

14.33 

13.3 

14.28 

10.9 

14.61 

13.0 

14.71 

14.0 

14.71 

12.2 

14.63 

12.0 

13.75 

12.1 

14.. 54 

11.9 

14.47 

10.8 

13.95 

11.4 

14.18 

10.5 

13.99 

12.9 

14.24 

12.2 

14.81 

11.9 

14.23 

10,4 

13.85 

10,2 

14.80 

10,7 

14.92 

10,1 

14.98 

11,4 

14.78 

13,2 

13.49 

12,4 

13.49 

12.6 

15.80 

12.9 

15.05 

12,5 

13.77 

10,5 

13.98 

11,0 

14.84 

12,5 

13,98 

10,3 

13,94 

10,8 

14,63 

11,6 

14,95 

14,1 

14.72 

13.5 

14,82 

14.7 

14. 52 

13.4 

14,. 33 

13.5 

14. 39 

10.8 
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TABLE  U—Contiiiu,.l 
Zone  10°  to  lo°—CoiUinucd 


NumlKT 


Days 


Ulunial 
Motion 
Sidereal 


3118. 
3119. 
3127. 
3I2S. 
3129. 
3134. 
3135. 
317o. 
3198. 
3210. 
3212. 
3218. 
3221. 
3221. 
3225. 
3227. 
.1256. 
3260. 
3263. 
3264. 
3273. 
3274. 
3275. 
3276. 
3277. 
327S. 
3279. 
3281. 
3282. 
3;J42. 
3344. 


14?78 
14  53 
11  IW 
14  56 
14.33 
14.09 
14.09 
14.88 
14.98 
13.94 
14.62 
14.  S9 
14.25 
13.S.'; 
13.00 
14.74 
13.94 
14  07 

13  M 
14.07 
14.50 
13.95 

14  77 
14.01 
14.04 
14.68 
14  22 
13.'JS 
14.41 
14.18 
14.84 


llilio- 
KrauUic 
Latftudo 


11?5 

11  8 
111 
15  0 
14.6 

13  5 
10.6 
11.2 
12.9 
14.  C 
10.7 
13.3 
10.6 

12  3 

14  0 
11.5 
14.7 
14.8 
10  4 
12.4 
11.6 

13  6 
11.7 
10  4 
12.0 
10.8 
110 
It  3 
10  0 
10  4 
10.  I 


N  mnher 


niui'M.ii 

I  Days      Moiiun 
Sidereal 


3345. . . 
3351'.  . 
335S' .  . 
3359'.  . 
3369... 
3366... 
3367. . . 
3368. . . 
3308. . . 
3300. . . 
3431... 
3432... 
3438... 
3441... 
3445... 
3477... 
347S... 
3470... 
34.S0... 
3498... 
3499... 
3500... 
3510. . . 
3567... 
356S... 
3578... 
35S1... 
35.S2... 
3.iS3... 
35S4... 
3.")S5... 


i:i  '.12 

13  S2 
14.65 

14  20 
14.32 
15.41 
14.52 
14.56 
14  SS 
14.06 
14.10 
14  33 
14.33 
14.37 
14.53 
14.17 
14.24 
14.46 
14.68 
14.47 
14.22 
14.66 
14  12 

13  S3 

14  11 

13.  OS 

14  IS 

14.  SO 
14.  OS 

15  20 


ll.liu 

(?ra|)hii- 
l^alitude 


111.  1 
l:;  7 
13.  S 
10.0 
13  6 

11  2 
11. K 
12.0 
14.6 

12  2 
10  2 
12.6 
10.6 
10.5 
14.6 
11.1 

ir  (i 

11.2 

13 

11 

10 

11 

12 

10 

12 

11 

13.2 

13  6 
12.0 
12.  S 
10.0 


XumbiT 


35S7. 
3.-)SS. 
3.')0.'). 
3.")00. 
3603. 
3606. 
3612. 
3613. 
3615. 
3616. 
3617. 
3(>35. 
3()60. 
3672. 
.3673. 
.3674. 
3731 . 
373S. 
37.V2. 
3755. 
3771. 


3775. 
3776. 
37S7. 
37SS. 
3700. 
3706. 
3S()1 . 
3S04. 
3806. 


Days 


Diurnal 
Motion 
Sidereal 


14?08 
13.88 
15.00 
14.18 
14.68 
15.09 
13.86 
14.06 
14.06 
14.75 
14.16 
13.66 
14.04 
14.55 
14.34 
14.40 
15.08 
14.18 
14.49 
13.77 
14.38 
14.72 
14.41 
14.55 
14.55 
14.25 
14.35 
13.88 
13.98 
13.88 


Helio- 
grapliic 
Latitude 


10?6 
12.1 
13.9 
13.2 
12.7 
13.1 
13.1 
14.4 
12.4 
13.5 
10. S 
11.2 
12.0 
14.0 
14.9 

12  4 
111 
112 
10  S 
10.1 
13.8 
14.3 
12.6 
13.4 
13.9 
14.8 
13.2 
13.2 

13  0 
14.0 
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Zone  -10°  to  -15' 


TABLE  U— Continued 
/  Mean  Latitude 


=  -12?67 


\  Mean  Diurnal  Motion  =     14!43 


Number 


177. 
28. 

22.5. 

230 ' 

233. 

234. 

237. 

240. 

248. 

282. 

361. 

380. 

381. 

382. 

401. 

403. 

412. 

413. 

415. 

486. 

522. 

523. 

524. 

525. 

562. 

572. 

585. 

589. 

594. 

694. 

695.. 

696., 

697.. 

698.. 

704.. 

707.. 

727.. 

737.. 

738.. 

812. . 

815.. 

816.. 

817.. 

873.. 

897.. 

954.. 
1003.. 
1055.. 
1056.. 
1061.. 
1062.. 
1063.. 
1078.. 
1079.. 
1113.. 
1114.. 
1146.. 
1147.. 
1162.. 
1164.. 
1166.. 
1167.. 
1168.. 
1230.. 
1242.. 
1283.. 
1288.. 
1346. . 


Days 


Diurnal 
Motion 
Sidereal 


2 

14?85 

2 

14.06 

.5 

14.19 

3 

15.12 

'> 

13.94 

2 

14.76 

3 

14.54 

3 

14.59 

.T 

14.00 

3 

14.28 

2 

14.13 

.1 

14. 33 

2 

12.93 

5 

14. 36 

3 

14.76 

o 

14.44 

3 

14. 32 

2 

14.81 

3 

14. 37 

3 

14.. 39 

2 

14.42 

2 

14.84 

2 

14.84 

2 

14.31 

2 

14  01 

2 

14.01 

2 

14.68 

2 

14.79 

2 

14.68 

4 

14.42 

2 

14.02 

2 

14.66 

2 

13.81 

2 

14.66 

2 

14.02 

2 

13.70 

2 

14.24 

2 

14. 39 

2 

14. 39 

3 

13.90 

2 

14.48 

2 

14.48 

2 

14.68 

2 

14. 58 

3 

13.67 

2 

13.45 

2 

13.30 

3 

14.62 

3 

14.82 

3 

14.60 

3 

14.62 

3 

14.52 

2 

12.87 

2 

14.04 

4 

14.48 

3 

13.95 

2 

14.77 

2 

14. 37 

2 

13.89 

2 

14.84 

2 

13.78 

2 

14.73 

2 

15.04 

2 

13.84 

2 

14.95 

2 

13.85 

2 

15.06 

7 

14.. 32 

Hclio- 
grapliio 
Latitude 


-11?9 

-12.7 

-10  2 

-10.3 

-14.4 

-12.8 

-14  2 

-14.3 

-13.4 

-12.2 

-14  3 

-14.0 

-116 

-11  5 

-14.6 

-11.2 

-13.4 

-13.8 

-12.7 

-12.3 

-14.0 

-14.6 

-12.5 

-13.4 

-15.0 

-10.0 

-10  0 

-14.7 

-14.9 

-12.0 

-14.8 

-12.0 

-14.0 

-10.9 

-11.2 

-13.5 

-14.6 

-13.5 

-10.9 

-15-0 

-12.8 

—  12  2 

-10^6 

-13.3 

-10.9 

-14.7 

-14.6 

-14.0 

-10.2 

-11.7 

-10.5 

-12.5 

-13.4 

-11.5 

-14.8 

-12.9 

-13.7 

-14.4 

-13.1 

-10.4 

-10.6 

-12.1 

-10.4 

-14.7 

-12.8 

-13.8 

-15  0 

-14.0 


Number 


1347. 

1.375. 

1376. 

1407. 

1430. 

1469. 

1471. 

1472. 

1476. 

1477. 

1478. 

1486. 

1487. 

1495. 

1496. 

1513. 

1517. 

1.573. 

1.584. 

1.585. 

1.599. 

1610. 

1616. 

1626. 

1660. 

1661 . 

1713. 

17.50. 

1751. 

1781. 

1811., 

18.59.. 

1860. . 

1861.. 

1862.. 

1863.. 

1865.. 

1891.. 

1900.. 

1985.. 

1992.. 
2018.. 
2026.. 
2078.. 
2079. . 
2080.. 
2092. . 
2095.. 
2102.. 
2108.. 
2109.. 
2143.. 
2152.. 
2187.. 
2240. . 
2245.. 
2278.. 
2280.. 
2282.. 
2286.. 
2288.. 
2315.. 
2316.. 
2324.. 
2326.. 
2329.. 
2335.. 
2337.. 


Day.s 


2 

2 
4 
2 
3 
3 
3 
3 
3 
3 
3 
2 
3 
2 
2 
3 
2 
2 
2 
2 

2 
7 
3 
3 
2 
2 

3 

2 

2 

2 

2 

2 

2" 

2 

2 

2 

2 

2 

2 

3 

2 

2 

2 

2 

3 

2 

2 

2 

4 

2 

3 

3 

2 

2 

2 

2 

2 

4 

4 

2 

2 

6 

4 

3 

2 

2 

2 

3 


Diurnal 
Motion 
Sidereal 


Hello- 
grapliic 
Latitude 


15?24 

-10?6 

14.45 

-13.2 

14.45 

-12.S 

15  40 

-13  6 

13,89 

-12.1 

14.86 

-12.9 

14,09 

-12.3 

14,71 

-14  8 

14,95 

-15.0 

14,86 

-14.5 

14,67 

-11.4 

13,75 

-11.9 

14  43 

-12.3 

13  85 

-11  0 

14,01 

-10.7 

14,43 

-14.7 

14,31 

-11.7 

14. 55 

-11.9 

14.25 

-14.5 

14  74 

-13.6 

14.99 

-11.0 

14. 35 

-14.6 

13. 54 

-15.0 

14.25 

-12.6 

15.72 

-13,4 

15.13 

-12,8 

13.89 

-13.7 

13.99 

-14.2 

14.39 

-12.6 

14.78 

-13.2 

14.24 

-11.9 

14.43 

-14.1 

14.23 

-12.9 

14.02 

-11.2 

13.62 

-10.2 

14.84 

-13  6 

14.64 

-10,7 

14.74 

-14,1 

14.93 

-10.9 

14. 34 

-11.9 

14.46 

-14.6 

14.68 

-11.7 

15.20 

-13.9 

15.03 

-11. S 

14.29 

-13.3 

14.01 

-11.4 

14.01 

-14.9 

14.77 

-13.9 

14.70 

-13.7 

13.24 

-11.9 

14.19 

-14.3 

14.57 

-14.6 

14.73 

-10.2 

13.87 

-14.2 

14.73 

-12.6 

13.72 

-13.9 

13.45 

-12.2 

13.75 

-15  0 

14.50 

-14.7 

14.54 

-10  3 

14.93 

-10.5 

14.41 

-15.0 

14.40 

-11  6 

14.69 

-10.9 

14.61 

-12.5 

14.31 

-11.1 

14.87 

-13.4 

14.88 

-13.7 

Number 


23.39. 

2340. 

2.345. 

2.375. 

2376. 

2108. 

2111. 

2412. 

2422. 

2427 ! 

2432. 

24.56. 

24.57. 

21.59. 

2469. 

2492. 

2493. 

2495. 

2497. 

2.506. 

2.524. 

2.526.. 

2.531 . . 

2.5.36.. 

2.542. . 

2.543.. 

2.545.. 

2.546. . 

2547.. 

2.548.. 

2.5.57.. 

2.563.. 

2579.. 

2.583.. 

2604.. 

2605.. 

2606. . 

2608. . 

2626.. 

2627.. 

2629.. 

2632.. 

26.33.. 

2648.. 

26.52.. 

2677.. 

2681 . . 

2683.. 

2690. . 

2691.. 

2693.. 

2710.. 

2711.. 

2712.. 

2713'. 

2716.. 

2718.. 

2720.. 

2723.. 

2737.. 

2725'. 

2758.. 

2759.. 

2760.. 

2761.. 

2762.. 

2763.. 

2780.. 


Days 


2 

2 

3 

2 

2 

2 

2 

2 

2 

2 

2 

4 

4 

4 

4 

2 

2 

3 

3 

2 

6 

2 

6 

3 

3 

4 

4 

2 

2 

2 

4 

2 

2 

3 

2 

3 

3 

3 

2 

2 

2 

2 

2 

3 

2 

2 

4 

2 

3 

3 

3 

2 

2 

6 

2 

3 
3 
3 
2 
2 
2 
3 
3 
3 
3 
2 
2 
2 


Diurnal 
Motion 
Sidereal 


14?26 

14.26 

14.37 

14. 55 

14.. 55 

14.09 

14.29 

13. 58 

13.78 

14  96 

14.26 

14.54 

14.43 

14.03 

13.95 

14.65 

15.17 

14.51 

14.77 

13.88 

14.04 

13.92 

14.18 

14.18 

15.00 

13.93 

14.85 

14.66 

14. 55 

14. 55 

15.04 

15. 38 

14.61 

14.49 

14.12 

14.41 

14.65 

14.82 

15.17 

15.72 

14.73 

13.63 

14.51 

14.92 

14. 53 

14.60 

14.35 

14.40 

14.64 

14.27 

14.74 

14.14 

14.77 

14.43 

14.. 59 

14.61 

14. 52 

15.02 

14.83 

13.53 

14.42 

14.88 

14.68 

14.16 

14.52 

14.63 

15.35 

14.31 


Helio- 
gra;)hic 
Latitude 


- 12?5 

-13.5 

-11.9 

-12.9 

-13.1 

-14.6 

-13.6 

-12.9 

-12  0 

-13.0 

-14.3 

-10.5 

-14.6 

-14.7 

-110 

-13  4 

-10.9 

-12.5 

-15.0 

-12.8 

-11.9 

-13  5 

-10.8 

-13.0 

-11.4 

-10.9 

-13.0 

-11.0 

-12.9 

-12.5 

-10.2 

-12.5 

-12.0 

-10.8 

-12.1 

-13.0 

-14.8 

-14.2 

-13.4 

-10.9 

-10.8 

-10.9 

-10.6 

-12.1 

-14.8 

-13.9 

-11.0 

-12.2 

-11.5 

-13.6 

-14.1 

-13.3 

-14.4 

-11.8 

-11.7 

-12.8 

-11.0 

-13.9 

-13.5 

-12.6 

-10.2 

-11.3 

-13.8 

-14.7 

-14.2 

-11.5 

-12.7 

-12.3 
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TABLE  11— Continued 

Zone  -10°  to  -\n°—Co,i(iini<il 


Diurnal 

Hello- 

IMiirii:.! 

Hello- 

DlurTKil 

ll.lii>- 

Number 

Days 

Motion 

graplilc 

Number 

Days 

Moliou 

graphic 
Latitude 

Number 

Days 

Mulion 

grapliic 

Sidereal 

Latitude 

Sidereal 

Sidereal 

Latitude 

2781 

2 

13?39 

-14?3 

3206 

5 

14?44 

-14?9 

3513 

2 

13?46 

-11?1 

2782 

2 

14.41 

-14.8 

3207 

2 

14  01 

-13  3 

3514 

3 

14.70 

-10.7 

2785 

2 

14.10 

-10  4 

3234 

2 

14  21 

-15  0 

3524 

2 

14.98 

-13.8 

2786 

3 

14  s;} 

-10  2 

3247 

2 

14  21 

-15  0 

3525.. 

2 

15.35 

-10  9 

2787 

3 

14  21 

-12  (i 

324S 

2 

13  42 

-13.5 

3526 

3 

14  65 

-11.2 

2790 

2 

14  (K) 

-10  0 

3249 

2 

13  94 

-10  2 

3.->38 

2 

14  82 

-14  6 

2805 

3 

14. SS 

-12  8 

3250 

2 

13  68 

-14.1 

35.39 

3 

14  26 

-12.9 

2830 

2 

13.74 

-12.7 

3296 

2 

14.55 

-13   1 

3553' 

2 

14.74 

-11.7 

2831 

2 

14.32 

-12.2 

3298 

•J 

14.23 

-10.2 

3573 

2 

14.79 

-11.8 

2903 

3 

14.37 

-10.0 

3321 

2 

14  76 

-10.0     1 

3575 

3 

14.57 

-14.8 

2904 

B 

14.58 

-10.6 

3327 

2 

14  55 

-12  3 

3576 

3 

14.62 

-14.1 

2915 

2 

14  59 

-12  1 

3331 

3 

14.94 

-12.4 

3590 

2 

14.48 

-11.0 

2934 

3 

14  75 

-10  S 

3332....... 

3 

14  83 

-14.2 

3631 

2 

15.33 

-14.8 

2035 

2 
2 

14  50 
13  00 

-10  9 
-13  4 

3333 

3334 

3 

3 

15  00 
14  51 

-no 

-10.6 

3639 

3G41 

3 
6 

14.77 
14.71 

-13  S 

2936 

-14  7 

2938 

2 

14  (10 

-10  7 

3335 

2 

14  77 

-11.2 

3643 

6 

14-29 

-10  S 

2944 

2 

14  S5 

-12,3 

3336 

3 

14  47 

-14«.l 

3652 

2 

14  40 

-13  0 

2945 

2 

14.60 

-12.2 

335S 

3 

15.21 

-15  0 

3654 

4 

13.98 

-14.4 

2958 

2 

13.55 

-14.1 

3363 

3 

14  59 

-13.3 

3655 

4 

14.35 

-13.6 

2962 

3 

13.94 

-10.3 

3361' 

3 

13  94 

-13  0 

3659 

2 

14.66 

-14.4 

2966 

3 

14  33 

-12.8 

3363' 

3 

14  54 

-13.8 

3ti(i0 

2 

13.78 

-14  6 

2975 

2 

14  13 

-15.0 

3348' 

2 

13  50 

-13.4 

3tl75 

4 

14.77 

-12  1 

2976 

2 

15.22 

-12.8 

3349' 

2 

14.65 

-14.0 

3676 

5 

14.72 

-10  2 

2981 

2 

14.13 

-12.8 

3350' 

2 

13.71 

-10.1 

3677 

2 

14.03 

-10  8 

29sr) 

15.0!) 

-12  0 

33S2 

5 

14  44 

-11.4 

3684 

2 

14  7S 

-12.7 

•_><IS!» 

14  21 
14  37 
14.23 

-112 
-13  9 
-10  () 

337.S 

33S1 

33S3 

3 
3 
4 

14   17 
14  47 
14.r.7 

-10.0 
-14.8 
-11.1 

3(>89 

3690 

3691 

2 
•> 

14  35 
1  1   35 

1  1    l:; 

-13  3 

2995 

-10  9 

3010 

-10  4 

3018 

13.77 

-14  9 

33S1 

3 

14  72 

-12.5 

3693 

1 

1 1  .".^ 

-11   6 

3024 

14  56 

-12  (i 

3385 

3 

14  57 

-13.3 

31194 

3 

11  44 

-14  6 

3026 

•> 

13  59 

-13   1 

3389 

;) 

1 3  98 

-12.5 

3(i!l5 

?. 

15  (Mt 

-14   5 

3036 

2 

14  (is 

-10  1 

3390 

•) 

13  27 

-10.5 

3700 

2 

14.93 

-12  8 

3037 

2 

13  59 

-13  5 

340.8 

3 

13  92 

-10  0 

3702 

2 

14.73 

-14.7 

3079 

2 

14.41 

-11.4 

;  3409 

•> 

14  27 

-12.(i 

3706 

5 

14.44 

-14.6 

3080 

•2 

15.64 

-10  7 

3410 

2 

15  24 

-13.8 

3710.: 

6 

14.62 

-14.6 

3084 

2 

14.52 

-119 

3420 

5 

14,69 

-10  8 

3713 

4 

14.43 

-13.4 

3093 

2 

14.41 

-11   2 

3421 

2 

15.05 

-11  5 

3714 

2 

14  48 

-11.1 

3097 

3 

14.64 

-12  0 

3423 

4 

14.41 

-10.9 

i  3720 

6 

14  21 

-13  2 

3147 

2 

13  Jr2 

-14  3 

3428 

2 

14  88 

-12  5 

3724 

2 

15  10 

-14  2 

3156 

2 

15  13 

-12  S 

3430 

3 

14  54 

-14   1 

3725 

2 

14.70 

-14.1 

316.1 

2 

13  99 

-13   1 

3461 

3 

14   78 

-13  3 

3726 

2 

15   10 

-11  3 

3169 

2 

13  6.S 

-13  2 

3403 

4 

14  liO 

-12  2 

374 1 

2 

14  53 

-12  1 

3172 

2 

14  41 

-13  S 

346(i 

3 

13.81 

-14.3 

3768 

3 

14  69 

-115 

3187 

2 

14   IK 

-15  0 

3469 

2 

14.85 

-11.7 

37(i9 

3 

15.19 

-13  0 

3194 

3 

14  52 

1    -14  4 

3488 

3 

14.38 

-14   1 

3807 

2 

13.78 

-10.6 

3195 

2 

14  7S 

-12  5 

'  34S9 

4 

14.91 

-10.1 

3196 

2 

14  4S 

'    -11   7 

3505 

■^ 

14.03 

-14.5 
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Zone  15°  to  20' 


TABLE  II— Continue/! 

Mean  Latitude  =+17?39 


\  Moan  Diurnal  Motion  =     14?24 


Numtjer 

Day.s 

Diurnal 
Motion 
.Sidereal 

Helio- 
gra|)luc 
Latitude 

1 
j 

Number 

Days 

Diurnal 
Motion 
Sidereal 

Helio- 
grapliie 
Latitude 

1 

Xumt)cr 

Days 

Diurnal 
Motion 
Sidereal 

Hi-iio- 
Krapiiic 
I^atilude 

42 

2 
2 
2 
2 
2 

2 

2    ■ 

2 

2 

2 

3 

2 

2 

2 

3 
3 
3 
3 
3 
3 
3 
3 
2 
2 

3 
3 
3 
2 
2 
2 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
5 
2 
4 
3 
3 
2 
2 
3 
2 
3 
4 
4 
2 
2 
4 
2 

4 

2 

14?73 
13.84 
14.22 
14.73 
14.22 
14.22 
15.24 
14.89 
14.89 
14.76 
14.69 
14.26 
14.15 
15.17 
14.40 
14.11 
13.36 
14  23 
14.30 
14  34 
13.93 
14.33 
14.62 
13  70 
14.85 
14.32 
14.15 
14.13 
15.15 
13.92 
14.60 
14.46 
14.10 
14.64 
14.33 
14.33 
13.83 
14.70 
14.20 
13.96 
13.46 
•    13.83 
14.08 
13.59 
13.46 
15.19 
14.08 
13.83 
13.83 
13.96 
14.22 
13.98 
14.22 
14.44 
13.53 
13.86 
13.86 
14.34 
12.56 
13.74 
14.45 
14.36 
14.73 
13.65 
13.76 
14.51 
13.86 
14.19 

15?5 
15.4 
19.2 
20.0 
15.9 
19.9 
18.5 
17.6 
18.6 
19.3 
16.3 
15.9 
19  4 
17.1 
19.1 
19.9 
19.3 
IS,  7 

15  G 
17  2 
17.7 
18.3 
19.8 
17.0 
17.2 
17.3 
17  0 
15.4 
19.6 
17.9 
17.1 

16  6 
16,5 
20,0 
19.0 
18.0 
17.5 
15,0 
15,7 
18.8 
18.3 
19.6 
16.9 
17.3 

15  0 

17  0 
15.5 
17.1 
17.6 
16,4 
16,6 
16,2 
15,8 
19,6 

16  7 
16,1 
17.3 
15.5 
17.9 
18,0 
15.7 
15.9 
16.3 
17.3 
15.1 
17.5 
16.0 
18.7 

358 

359 

360 

365 

369 

370 

373 

388 

389 

394 

399 

3 

5 
3 
3 
3 
3 
2 

3 
3 
2 

4 
4 
5 
2 
2 
6 
6 
2 
2 
2 
4 
2 
2 
2 
2 
4 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
2 
2 
2 
2 
2 
3 
2 

2 

4 
2 
2 

2 
2 

3 
5 
5 
3 
3 
5 
5 
5 
2 

14?19 

14.55 

14.19 

14.35 

14.39 

14.30 

13.79 

13.58 

14.24 

14.06 

14.15 

13.98 

14.03 

14.12 

14.01 

13.78 

13.63 

13.71 

13.91 

14.02 

13.92 

15.16 

15.16 

15.28* 

15.54 

14.43 

14.65 

14.45 

14.32 

14.62 

14.43 

14.82 

14.32 

14.72 

14.95 

15.16 

14.42 

14.20 

14,52 

13.89 

13.77 

15.19 

14.55 

14.01 

14.01 

14.46 

14.15 

14.15 

14.15 

13.72 

12.66 

14.43 

13.93 

13.30 

14.28 

14.15 

14.26 

13.94 

14.53 

14.64 

14.18 

14.25 

14.15 

13.98 

14.00 

14.13 

13.97 

13.91 

17?8 
18.0 
16.1 
16.5 
17.0 
17.7 
19.1 
15.3 
16.7 
17.5 
18.0 
19.1 
15.4 
19.0 
15.0 
18.9 
18.4 
18.1 
17.3 
16.2 
17.6 
16.2 
17.8 
19.3 

15  3 
20.0 
19.2 
18.9 
17.2 
18.3 
18.1 
16.2 
17.1 
18.5 
15.4 
16.0 
15.1 

16  3 
18.0 
17.8 
18.9 
15.3 
17.9 
17.6 
19.7 
15.5 
19.0 
17.6 
16.0 
15.5 
19.7 
18.3 
15.2 
18.2 
16  6 
15.6 
16.8 
17.4 
19.8 
18.1 
16.1 
17,4 
17.3 
17.4 
17.8 
16.7 
18.0 
16.3 

708 

709 

713 

714 

716 

719 

721 

722 

723 

739 

744 

756 

760 

768 

770 

775 

776 

788 

793 

796 

798 

799 

801 

804 

806 

828 

829 

832 

833 

834 

835 

836 

837 

838 

839 

842 

843 

844 

852 

853 

861 

862 

865 

892 

908 

909 

910 

914 

917 

918 

921 

922 

923 

924 

935 

960 

962 

964 

965 

966 

970 

973 

982 

990 

992 

997 

1000 

1023 

5 
6 
5 
3 
2 
2 
4 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
5 
2 
2 
2 
2 
4 
4 
2 

2 
2 
2 
2 
4 
2 
2 
2 
2 
2 
3 
3 
4 
3 
4 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
2 
3 
2 
2 
2 
2 
2 
2 

13?89 
14.39 
14.54 
13  86 
14.34 
14.14 
14.40 
14.31 
14.24 
14.09 
13,99 
14,01 

13  89 
13.93 
13.93 

14  43 
13.53 
13.93 
14.56 
14.87 
14.41 
14.56 
12.92 
14  87 
14,  S7 
14  26 
14,29 
13.92 
14.01 
14.39 
13.83 
13.73 
14.48 
14.48 
14.48 
14.01 
13.83 
13.73 
13.95 
14.42 
13.91 
13.85 
14.23 
13.90 
14.43 
14.63 
14.73 
13.83 
14.03 
14.63 
14.43 
14.23 
14.13 
14.33 
14.63 
13.95 
14.12 
13.62 
13.72 
14.27 
15.15 
14.17 
13.25 
13.50 
14.60 
14.00 
13.70 
14.83 

18°4 

43   .. 

17  5 

44 

19  6 

47 

15  9 

48 

19  5 

53 

56 

50 

16.0 
17.0 
18.3 
17.5 
18  8 

60 

61 

69 

16  7 

70 

422 

423 

19  3 

78 

18  7 

120... 

424 

425 

427 

430 

433 

19  6 

132 

16  8 

138 

19  8 

145 

17  1 

153 

17  3 

154.. 

434 

442 

443 

449 

450 

456 

4.57 

458 

488 

489 

492 

493 

494 

495 

19  3 

155 

17  "^ 

156 

15  4 

161 

16  6 

162 

19  8 

163.. . 

16  8 

168 

17  9 

171... 

19  6 

172 ;  . 

16  7 

185 

16  5 

186... 

17  9 

189 

16  5 

14.. 

19  1 

15 

19  5 

16 

497 

499 

504 

.505 

.507 

510 

512 

514 

526 

535 

536 

539 

.544 

600 

601 

()02 

603 

15  3 

20 

19  6 

36 

16  1 

190 

15  5  • 

193 

16  9 

194 

195 

18.9 
15  3 

197 

201 

202 

210 

16.9 
15.4 
17.2 
18.7 

211 

17  8 

212 

215 

18.8 
19  6 

216 

223 

224 

17.6 
17.2 

17  7 

226 

229 

604 

605 

60S 

609 

17.7 
16  0 

270 

271 

18.8 
18  '5 

284 

613 

15  7 

287 

296 

297 

302 

303 

310 

637 

641 

642 

650 

658 

663 

15.7 
16.7 
18.8 
16.3 
18.9 
19  7 

311 

312 

675 

676 

677 

678 

679 

687 

691 

692 

17.2 
18.4 

314 

315 

316 

317 

320 

328 

15.1 
19.7 
19.6 
19.7 
17.7 
16.4 
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TABLE  n— Continued 
Zone  15°  to  ^If— Continued 


lli'lii>- 

Diurnal 

ii.li..- 

Diurnal 

Hello- 

NumlxT 

Ditys 

Number 

.Days 

Motion 

ttraphic 

Number 

Days 

Motion 

grapliic 
Latitude 

sidereal 

I.;,', 

Sidereal 

Latitude 

Sidereal 

1024 

4 

14?()2 

1S?9 

1436 

2 

14?IS 

18?3 

1917 

2 

14?17 

15?5 

1032 

2 

14  42 

15  3 

1438 

2 

14   IS 

15.1 

1918 

2 

15  41 

17.7 

1040 

3 

14.37 

15  1 

1444 

2 

13.  SI 

17.0 

1922 

2 

14.27 

18.7 

1041 

3 

14-22 

16.8 

1448 

2 

14  73 

19.8 

1923 

2 

13  89 

20  0 

1042 

3 

14  77 

IS.S 

1459 

2 

13  81 

18.9 

1926 

2 

13.98 

16.0 

1043 

3 
3 

14  03 
14  32 

19   1      1 
17  0 

1401 

1402 

2 
2 

14.55 
14.45 

19.6 
17.8 

1927 

1942 

2 
2 

14.08 
14.11 

18.0 

1044 

19.9 

1048 

2 

12  01 

17  s     i 

1403 

2 

13.62 

17.5 

1944 

2 

14.62 

15.1 

1068 

2 

14   14 

10  0 

1505 

3 

14.09 

19.7 

1945 

2 

14.42 

17.0 

1069 

2 

13  75 

10  7     1 

1507 

2 

13  85 

19.5 

1940 

2 

15.02 

18.3 

1071 

2 

15  12 

19  7 

1508 

3 

14.70 

17.5 

1949 

2 

14.92 

18.2 

1089 

4 

14  05 

ISO 

1509. 

.s 

14  47 

17.0 

19.50 

2 

14.11 

18.2 

1091 

4 

14  50 

IS  s 

1510. 

'_* 

14  94 

19.7 

1951 

2 

14.11 

15.1 

1095 

4 
2 

4 

14  02 
14  30 
13  S!) 

19  0 
10  0 
IS  3 

1524 

1525 

1528 

2 
2 
2 

14.78 
14.78 
13  50 

15.0 
16.8 
18.9 

1962 

1965 

1967 

2 
2 
4 

13.31 
14.52 
13.89 

16.8 

1099 

17  9 

1100 

18.8 

1123 

2 

13  94 

10.4 

1541 

2 

14  74 

16.1 

1968 

3 

13.85 

17.5 

1124 

2 

13  45 

10.4 

1542 

2 

14.25 

19.1 

1969 

2 

14.25 

18.2 

1130 

3 

14  50 

15.7 

1543 

3 

13  S3 

18.6 

1975 

2 

13.54 

19.1 

li:« 

2 

14  47 

IS  7 

1540 

3 

14  2S 

15.8 

1982 

4 

14.19 

18.5 

1149 

2 

14  37 

15  5 

1548 

2 

14  15 

15.7 

198;j 

2 

14.66 

15.5 

1171 

2 

14  52 

17.7 

1550 

2 

14.64 

15.0 

2009 

2 

13.87 

19.4 

1172.. 

■1 

13  7S 

19.9 

1563 

2 

14.45 

15.3 

2010 

6 

13.71 

19  3 

1173.. 

■' 

13  99 

17.7 

1566 

5 

14.17 

16.3 

•J()19 

2 

13.96 

16.9 

1175 

•> 

14  52 

17  S 

1567 

3 

13.53 

17.5 

2020 

4 

13.99 

20.0 

1170 

2 

14  03 

19.  S 

1569 

■J 

13.85 

18.0 

2021 

2 

13.85 

19  1 

1177 

2 

13  47 

17.0 

1570 

■j 

13  93 

17. S 

2042 

6 

14.44 

15.1 

1178 

2 

14  20 

10.9 

1588 

3 

14.37 

15.8 

j  2043 

4 

14.32 

17.7 

1208 

3 

12  90 

10.4 

1590 

2 

14.01 

16.4 

1  2044 

6 

13.77 

17.5 

1209 

3 

13  44 

19  2 

1601 

2 

13.42 

15.3 

2045 

4 

13.86 

16  0 

1212 

2 

14.35 

15.5 

1008 

7 

13.60 

16.4 

1  2070 

2 

14.80 

16.2 

1213 

o 

14  45 

10  2 

'   1011 

3 

14.41 

16  7 

2()S5 

2 

14.65 

15.1 

1214 

•■) 

14.45 

IS  4 

1012 

5 

13.75 

16.2 

20S9 

2 

14.90 

17.2 

1215 

2 
2 

15.05 
15  05 

17.6 
IS  9 

1028 

1633 

3 
3 

14 .  15 
14.40 

19.7 
17.3 

2127 

2129 

4 

4 

13.65 
13.82 

19.3 

1216 

18.5 

1217 

2 

13.84 

10.  S 

1636 

3 

14.01 

16.0 

2130 

4 

14.23 

15.5 

1218 

2 

13  84 

19.3 

1642 

2 

14.63 

18.3 

2134 

3 

15.06 

18.1 

1221 

2 

15  75 

10  1 

1643 

2 

13.73 

17.0 

2135 

2 

14.52 

17.0 

1240 

2 

14.35 

17.4 

1644 

2 

14.83 

15.4 

2141 

3 

13.74 

16.8 

1246 

3 

14.43 

19.1 

1649 

2 

14.23 

17.3 

2104 

2 

14.59 

15.4 

1247 

3 

14  27 

17  4 

1667 

o 

14  05 

15  3 

2107 

2 

14.89 

18.6 

1251 

4 

13  94 

15  6 

1008 

■_> 

14  34 

17.3 

2170 

2 

14.89 

15.0 

1252 

4 

14  ()S 

17   1 

1073 

:> 

13.84 

15.5 

•-'173 

4 

•  14.01 

18.7 

I25:j 

4 

14   11 

IS  9 

i   1074 

3 

14  35 

17. S 

2174 

2 

15.20 

19.7 

1254 

3 

14  33 

IS  0 

1075 

3 

14.45 

18.4 

21SS 

4 

14.00 

20  0 

1272 

2 

13  95 

17.0 

1676 

2 

14.24 

19.4 

2189 

2 

13.57 

17  2 

1273 

2 

14  95 

IS.  2 

167S 

3 

13  94 

16.4 

2201 

4 

14.07 

10.7 

13«i 

3 

14.74 

15   1 

16SI 

i> 

14.04 

15.3 

2202 

4 

13.66 

16.8 

1345 

7 

13  85 

IS  0 

lt>S3 

_► 

14  75 

18.9 

2201 

4 

13  67 

16.8 

1351 

2 

13.65 

IKC. 

1719 

2 

14.85 

15.1 

2204 

4- 

14.09 

19.6 

i:«7 

5 

14.15 

17  3 

1755 

2 

14  69 

19.3 

2207 

3 

13.86 

16.5 

13.W 

7 

14.37 

17   1 

1750 

2 

13  39 

18.2 

2212 

3 

14.31 

18.2 

1361 

4 

14.08 

19.9 

1702 

•-> 

14.39 

15.2 

2216 

2 

14.64 

17.4 

i:i66 

4 

14.46 

IS  2 

1804 

2 

14  04 

18.1 

2218 

2 

15.38 

17.1 

1307 

4 

14  11 

17  3 

isa'i 

2 

14  44 

15.6 

2219 

2 

15.01 

17.0 

136S 

4 

14  26 

19  4 

1S06 

2 

14  44 

15.9 

2220 

2 

15.10 

16.9 

1370 

3 

14  52 

17  3 

IS07 

2 

14  34 

15.0 

2222 

2 

15.29 

15  5 

1395 

2 
2 

14  51 
14   12 
14   12 

17  7 
IS  2 
19  2 

ISM 

ISIO 

IS19 

2 

2 
2 

13  04 

14  14 
14   44 

16  1 
20  0 

IS  S 

2223 

2225 

2 
2 
4 

14.64 
15.01 
14  89 

19  8 

1396 

17  1 

1397 

2249 

16  6 

1411 

2 

14  41 

17.1 

1S22 

•> 

14  34- 

17  9 

22.'>0 

4 

13.98 

IS.  6 

1412 

•> 

14  81 

15.3 

1K3(I 

•> 

14  04 

19  7 

2251 

4 

14.03 

16  7 

1415 

3 
3 

13  84 
15  (Xi 

19.3 
17  2 

18.13   . 
1854 

2 

14  34 
14  24 

16  (1 
16  2 

2257 

22(«l 

2 
•> 

13.94 
14  54 

16  5 

1419 

19.2 

1420 

3 

14  81 

16  6 

IStiS 

2 

13  72 

18(1 

2290 

6 

13  93 

18.1 

1421 

3 

13  'Ml 

IS  1 

I9fls 

2 

14.08 

19   1 

2292 

4 

13  99 

16  9 

1422 

3 

14  .V, 

IS  s 

191 1 

2 

14.17 

19  4 

2.i(Kl 

4 

14   10 

IS.S 

1431 

I  i    01 

17  r, 

I'HI 

2 

14.06 

19. U 

2302' 

4 

14.30 

16.2 

Thk  Rotation  Period  of  the  Sun 
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Number 


TABLE  11— Continued 
Zoiio  15°  to  20° — Continued 


2328 

2332 

2365 

2384 

2385 

2392 

2410 

2466 

2533 

2538 

2570 

2571 

2575 

2577 

2590 

2591 

2635 

2636 

2707 

2729 

2730 

2750 

2751 

2752. 

2791, 

2792, 

2796 ! 

2797. 

2798. 

2821. 

2837. 

2838. 

2872. 

2897. 

2925. 

2955. 

2956. 

3033. 


Days 


Diurnal 
Motion 
Sidereal 


14?3I 
13.72 


14    15 

13  52 

14  02 

13,92 


14 
13 


19 
17 


14  98 
14  51 
14  45 
14  00 

14  38 

13  72 
12,86 
14.73 

15  61 
14.51 
14,68 
14,32 

14  25 

13  39 
13.58 

14  25 
14.40 

14  30 
14.27 

15  41 
14,88 
14.51 
14,84 
14,11 
12.81 
14.14 
15,08 
14,93 
14.73 
13.99 


Helio- 
graphic 
Latitude 


17?2 
15  0 
15  9 
18.5 
20  0 
18,9 
15,5 
18.1 
15.1 
15  9 
15  8 
17,5 
16,7 
19,3 
15.4 
15.8 
16.9 
18,2 
18,2 
17.7 
15,3 
20  0 
19,8 
15.8 
17,9 
15,7 
16,0 
17,7 
17  9 
15,4 
15,7 
16,5 
18,1 
15,6 
17,0 
15.9 
15.5 
15.3 


Number 


3050. . .  . 
3110...  . 
3111... 
3114... 
3115.. . . 
3128... . 
3130... . 
3131... . 
3132... . 
3151... 
3184... . 
3199... . 
3200.... 
3201.... 
3211.... 
3216.... 
3219... . 
3222 
3226 ... . 
3257.... 
3259... . 
3265... 
3267... 
3280. . . . 
3306.... 
3308... 
3309.... 
3310. . . , 
3311.., , 
3312. . . . 
3341.... 
3356' .  .  . 
3357' .  .  . 
3394..,. 
3395..,. 
3396.. . . 
3397. . . . 
3415... . 


Days 


2 
4 
4 
3 
3 
2 
2 
2 
2 
2 
2 
6 
3 
2 
4 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
2 
6 
4 


Diurnal 
Motion 
Sidereal 


14?20 
14.64 
14,16 
15,09 
14,49 
14,56 
14  21 
14  09 
14  92 
14.92 
13.57 
14.26 
14,28 
14,28 
14,16 
14,57 
14.14 
14,14 
14,24 
14,34 
14,07 

13  81 
13,81 
14,50 
14,02 

14  55 
13  81 

13  91 

14  65 
14  55 
13,93 
14  44 
13.40 
14.50 
14.34 
14  68 
14,29 
14,38 


Hello- 
graphic 
Latitude 


17?0 
19.4 
16.6 
18.5 
16,1 
15  0 
15.2 
17.0 
12.3 
18.0 
18.3 
15.1 
17.2 
18.5 
15.6 
17.0 
15.1 
17.6 
16.8 
17.9 
19,8 
17  5 
17.5 
15.8 
15.1 
17.0 
15.9 
17.9 


18 

16 

17 

16 

16 

16 

18 

18.6 

18.9 

16.7 


Number 


3417.. 
3425.. 
3434.. 
3436. . 
3439.. 
3440. . 
3442.. 
3455.. 
3475.. 
3476.. 
3481 . . 
3482.. 
3490.. 
3491.. 
3506. . 
3507.. 
3550. . 
3579.. 
3580.. 
3590.. 
3598.. 
3610.. 
3614.. 
3034.. 
3070.. 
3071 . . 
3696.. 
3697. . 
3711.. 
3712.. 
3765.. 
3766.. 
3770. . 
3789.. 
3802,. 
3803.. 
3805.. 


Days 


2 
2 
4 
2 
3 
3 
3 
2 
3 
5 
3 
2 
4 
2 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
6 
3 
2 

4 
2 
2 
3 
3 
3 


Diurnal 
Motion 
Sidereal 


15?24 
14.16 
14,44 
14,33 
13  76 
14,49 
14.49 
14,67 
14,73 
14,84 
14.79 
14,85 

13  82 
14.41 
13,88 

14  81 
14,34 
13,58 
14,28 
13,88 
13.88 
14,38 
14,35 
14,. 54 
14.27 
14,34 
14,03 
14.28 
14.12 
14.63 
14  23 
14,29 
14,33 
14,35 
13.68 
13,78 
14,18 


Hclio- 
grapliic 
Latitude 


16?9 
18.1 
18.4 
17.0 

15  1 

16  (i 
17,9 
15.4 


18.2 
19,6 
15,5 
17,7 
19,2 
19,0 
15.7 
15,7 
15,3 
18.5 
16.5 
16.8 
15.2 
16.5 
17.7 
18,4 
17.2 
19.0 
17,2 
17.3 
19.3 
18,4 
17,6 
15,6 
15,3 
15,8 
16.3 
16.0 
15.5 
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PCBLICATIONS    OF    THE    YeRKES    OBSERVATORY 


Zone  -15°  to  -20' 


TABLE  U— Continued 
j  Meiin  Latitude 


=  -17?5S 
Mean  Diurnal  Motion  =     14?:{ri 


Diurnal 

Hi'lio- 

Diurnal 

Holio- 

Diurnal 

Hello- 

Number 

Days 

Motion 

graphir 

N"uinl)ir 

Days 

Motion 

Rrapblc 
Latitude 

Numtier 

Days 

Motion 

Rraphie 

Sidereal 

Latiludo 

Sidereal 

Sidereal 

Latitude 

37 

2 
•> 

2 

2 
2 

3 
2 

3 

14?48 
14.86 
14.89 
15  02 
15  02 
14  33 
14.40 
14  34 

-17?5 
-18  0 
-19  9 
-19  9 
-17.2 
-17.5 
-20  0 
-17  5 

569 

571 

577 

578 

583 

584 

590 

618 

2 

2 
2 
2 
4 
2 
2 
2 

14?87 
14.87 
13.62 
14.25 
14  32 
13.83 
13.83 
13.35 

-18?4 
-17.0 
-19.2 
-16  2 
-15.8 
-19.0 
-19.0 
-18.3 

1076 

1077 

1111 

1112 

1120 

1142 

1159 

1160 

2 
2 
2 
4 
4 
2 
2 
2 

14?63 
14.43 

13  (i4 
14.69 
14.03 
14.67 

14  20 
14.  S4 

-16?3 

39 

-19  6 

83 

-Mi   I 

84 

-17  7 

85 

-18.5 

80 

-17.6 

79 

-IS  9 

80' 

-IS  4 

174 

3 
2 

2 
3 
3 
3 
2 

2 
2 
2 

2 

13.82 

15  as 

14  43 

13  19 
14.  ai 
13.64 

14  51 
12.98 
15.56 
14.70 
14  57 

-19  5 
-15.3 
-15.7 
-19.2 
-15.5 
-16.7 
-18.7 
-15.7 
-18.4 
-17.8 
-19.9 

619 

629 

630 

631 

632 

681 

693 

699 

700 

702 

724 

2 

2 

6 

2 

2 
2 
2 
2 
2 
2 

13.35 
14.20 
13.78 
14.49 
14.12 
14.37 
14.77 
14.02 
13.27 
14  02 
14.54 

-17.9 

-19.0 

-16. S 

-17.2 

-163 

-IS  4 

-15.1 

-I7.« 

-19  6 

-IS. 8     , 

-19.2 

1161 

1169 

1191 

1197 

r2(K) 

1223 

1224 

1225 

1226 

1227 

1241 

2 
2 
3 
3 
3 
2 
2 
2 
2 
2 
2 

14  73 
14.42 
14.73 
14.42 
13.52 
14.55 
14.15 
13  64 

15  05 
13  74 
13.24 

-IS  7 

175 

-17.1 

176 

-IS. 5 

5 

-20  0 

11 

-17.3 

13 

-19.4 

25 

-16.9 

26  .      .    . 

-16.5 

217 

-15.1 

218 

-IS  1 

222 

-15.1 

231 

3 

13.86 

-17.7 

725 

2 

14.65 

-17  8 

1243 

2 

15.05 

-17  2 

232 

•> 

14  76 

-16.7 

726 

3 

14.57 

-19.4 

1258 

4 

14.07 

-17  2 

236 

238 

•> 

14  30 
14  93 

17  0 

72S  • 

o 

13  94 

-15  8 

1259 

4 

14  16 

—  17  3 

3 

-19.3 

729 

3 

14  21 

-20  0 

1260 

4 

14.07 

-19.8 

239 

:{ 

14  01 

-17,9 

733 

2 

13.84 

-15.9 

1263 

4 

14.:54 

-18. S 

241 

' 

14  12 

-16.8 

735 

2 

14.89 

-17.8 

1282 

2 

14.95 

-18.3 

242 

.", 

14  11 

-19.7 

736 

*> 

13.89 

-16.8 

. 1285 

2 

14.25 

-20.0 

243 

3 

14.39 

-20.0 

758 

2 

14.01 

-19.9 

1287 

.    2 

14.17 

-18.9 

244 

2 

13.94 

-19  8 

763 

•> 

14.43 

-19.7 

12S8 

2 

15.06 

-15  0 

25.3 

2 

14  21 

-16  4 

764 

2 

14  43 

-17.6 

1289 

2 

14.27 

-16.3 

202 

•> 

14.08 

-18  4 

777 

2 

13.63 

-15.9 

1301 

3 

13.92 

-16.4 

275 

•> 

15  :J2 

-19.2 

792....'... 

2 

14  33 

-17.9 

1302 

2 

13.97 

-15.5 

2K{ 

6 

14  40 

-14.8 

812 

3 

13  90 

- 1 5  0 

1303 

2 

15.26 

-17.1 

2Nit 

5 

14.42 

-17.3 

814 

2 

13.92 

-16.2 

1355 

5 

14.26 

-17.4 

:f2l 

2 

14.62 

-16.6 

818 

4 

14.21 

-15.6 

1374 

4 

14.26 

-18.8 

:J22 

2 

13.97 

-19.6 

819 

2 

14.01 

-16.5 

1377 

4 

14.17 

-15.8 

332 

2 
3 

14.64 
14  71 

-17.4 
-18.1 

849 

850 

3 
3 

14  11 
14  06 

-19  5 
-19.9 

1378 

1379 

4 
4 

14.. 53 
14.41 

-17.5 

333 

-19  3 

3 

14  44 

-15.8 

855 

3 

14  61 

-16  0 

1380 

4 

14.  SO 

-17.7 

2 

13.47 

-19.2 

857 

3 

13  74 

-17  7 

13S2 

4 

14  .i3 

-19  2 

;).'>i  1 

■', 

14.47 

-17.3 

877 

2 

14  15 

-17. S 

1   1393 

2 

14.19 

-19.4 

357 

14.79 

-18.9 

879 

3 

14  11 

-16.0 

'   1394 

3 

14.36 

-15.4 

374 

1 

13.89 

-16.8 

881 

2 

14  15 

-19  3 

1400 

2 

14.22 

-20.0 

375 

2 

14.98 

-18.1 

888 

2 

14  56 

-15.9 

1401 

2 

14.51 

-16.9 

37t) 

2 

13.47 

-15.7 

898 

5 

14.03 

-17. S 

1406 

2 

14.32 

-16.0 

' ;  M , 

2 

14.44 

-17.5 

900 

4 

13  84 

-19  0 

1426 

3 

14.50 

-15.1 

.  ,    'M 

3 

14  66 

-18.5 

902 

4 

14.56 

-16  7 

'   142S 

3 

13.94 

-18.4 

,■ , ; 

3 

14.57 

-18.1 

9a3 

2 

14.13 

-15  3 

1429 

3 

14.40 

-17  2 

3 

14.48 

-15.6 

926 

2 

14.13 

-19.6 

1431 

3 

14.76 

-15  7 

•iOJ 

2 

14  6;j 

-IS  4 

932 

2 

14  03 

-19. S 

1456 

2 

13.25 

-17  S 

4(IH 

3 

14  72 

-17  0 

936 

2 

14  23 

-18.5 

1457 

2 

14.36 

-18.5 

410  . 

3 
2 
2 

14  42 
14.73 
14  32 

-18.1 
-16  6 
-IS  0 

942 

943 

944 

2 

2 
2 

15  23 
15  33 
14.33 

-IS  5 
-19  0 
-IS  5 

145S 

'   1465 

1466 

2 
2 
2 

14.45 
13.53 
14.08 

-16  9 

417 

-17  0 

418.. 

-15   1 

419 

•> 

14  01 

-15  5 

945 

'> 

13  73 

-16  K 

1473 

3 

14  2S 

-17  7 

im 

4 

14  50 

-17  9 

947 

3 

13  S7 

-17   1 

1475 

3 

13  .S9 

-19  S 

4(>.'; 

2 

14  55 

-19  4 

949 

3 

13  07 

-IS  7 

1476 

3 

14.95 

-15  0 

474 

2 

14   15 

-17  0 

950 

2 

13  55 

-16  4 

1479 

3 

14.91 

-17.5 

477 

•> 

14  55 

-18  4 

952 

2 

13  45 

-19   1 

1    IISO 

3 

14  33 

-ISO 

47!t 

•) 

13  95 

-16.1 

963 

2 

13  95 

-2(1  0 

14S5 

2 

13.85 

-IS. 6 

.V.M 

2 

14  6.3 

-16  1 

989 

2 

12  H9 

-15  7 

1494 

2 

13.85 

-17  2 

.'■_'7 

2 

14  42 

-18  1 

1050 

3 

13.83 

-10.2 

1516 

2 

14.40 

-15  6 

,',  ;  ', 

2 

14  55 

-18.9 

1051 

3 

14.22 

-10.1 

1525' 

2 

14.40 

-15  5 

2 

15  30 

-17  8 

1058 

3 

14  13 

-15  6 

1574 

3 

14.02 

-15  2 

.'. '.  1 

•> 

14  ;« 

-19  5 

1059 

3 

14  27 

-17  2 

1575 

3 

13.08 

-16.1 

•> 

14  87 

-19  9 

10««) 

3 

14  52 

-17.3 

1591 

2 

14  60 

-17  5 

,•,,._• 

'> 

14  01 

-15  0 

1064 

3 

15  56 

-15.2 

1615 

5 

14  32 

-  Hi  II 

.'.<•.'. 

•> 

14   12 

-18  4 

1073 

2 

14.0:) 

-17  0 

1616 

3 

13  54 

-15.0 

am 

2 

14  01 

-16  0 

1074 

2 

14  53 

-IK. 8 

1617 

3 

14.44 

-19.7 

'I"  II  K     KoTAIIDN      PkHIOI)     (IF      T  I  IK     S  U  N 
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TABLE  U— Continued 
Zone  -1 5°  to  -■ZO'—Cohliuutd 


Diurnal 

Helio- 

Diurnal 

Helio- 

Diurnal 

Hclio- 

Number 

Days 

Motion 

grapliic 

Number 

Days 

Motion 

graohic 

Number 

Days 

Motion 

graphic 
Latitude 

Sidereal 

Latitude 

Sidereal 

Latitude 

Sidereal 

161S 

3 

14?39 

-18?5 

2112 

4 

14°47 

-15?8 

2189 

3 

14?51 

-18?1 

1650 

2 

12.84 

-17.8 

2113 

2 

13,75 

-16  2 

2491 

2 

15,06 

-18.9 

1662 

2 

15.33 

-19.0 

2114 

4 

14,17 

-16,3 

2494 

2 

14.96 

-15.3 

1664 

2 

14.13 

-19.4 

2115 

4 

14,42 

-19,0 

2497 

3 

14.77 

-15.0 

1665 

2 

15.23 

-17.7 

2137 

3 

15,02 

-17,8 

2J98 

3 

14.15 

-16.8 

1704 

2 

14.86 

-15.9 

2138 

2 

13,24 

-19,2 

2500 

3 

14.41 

-19.9 

1714 

3 

14.29 

-17.0 

2140 

2 

14,87 

-18,2 

2501 

3 

14.51 

-16.5 

1715 

3 

13.99 

-17.0 

2142 

3 

14,76 

-16,8 

2502 

2 

14.13 

-17,8 

1716 

2 

14.44 

-17.6 

2144 

3 

15,13 

-19,3 

2503 

3 

14.46 

-17,1 

1718 

3 

14.90 

-17,7 

2147 

2 

14,47 

-15,8 

2512 

4 

14.11 

-18,5 

1721 

*) 

14.85 

-17.7 

2149 

3 

14,47 

-19,4 

2515 

3 

14.28 

-19,0 

1727 

2 

13.75 

-20.0 

2178 

2 

13.87 

-19,3 

2520 

2 

.14.40 

-16  8 

1729; 

2 

13.15 

-17.0 

2241 

2 

13.53 

-16,4 

2522 

2 

14.60 

-17,8 

1731 

•2 

14.15 

-15.8 

2242 

2 

14.55 

-17.2 

2523 

6 

14.53 

-17.1 

1745 

2 

14.19 

-16.8 

2243 

2 

14.64 

-16.4 

2525 

4 

14.13 

-15.3 

1747 

2 

14.39 

-17.4 

2244 

2 

14.27 

-16.3 

2530 

6 

14.19 

-15.7 

1748 

2 

14.19 

-18.4 

2246 

2 

12.89 

-15.9 

2534 

2 

14.42 

-17.5 

1749 

2 

14.89 

-16.1 

2247 

2 

13.90 

-18.8 

2535 

5 

13.92 

-18.7 

1753 

2 

13.49 

-17.5 

2264 

2 

14.93 

-19.5 

2537 

3 

14.01 

-15.4 

1767 

9 

14.09 

-18.2 

2266 

2 

14.34 

-16.9 

2544 

9 

14.32 

-18.6 

1768 

2 

13.69 

-19.0 

2271 

4 

14.25 

-17.2 

2552 

3 

14  55 

-19.4 

1772 

2 

14.97 

-18,2 

2272 

4 

13.74 

-17.0 

2556 

3 

14  99 

-15  1 

1773 

2 

14.00 

-17.1 

2276 

2 

14.14 

-16.1 

2559 

2 

15.16 

-18  7 

1774 

■> 

13.81 

-17,6 

2277 

2 

13.65 

-17.1 

2560 

3 

15  22 

-16  8 

1777 

'> 

15.07 

-19,9 

2280 

4 

13,75 

-15.0 

2562 

3 

13  76 

-15.8 

1778 

2 

14.39 

-18  0 

2281 

4 

14,71 

-16.4 

2595 

6 

14.67 

-17  4 

1779 

•> 

2 

14.39 
14.29 

-16,1 
-17,6 

2283 

2284 

4 
4 

14,36 
14,70 

-16.9 

-18.5 

2596 

2600 

2 
3 

14.00 
15.12 

—  19   1 

1780 

-19.9 

1782 

2 

14.39 

-16,3 

2287 

4 

14,19 

-19.4 

2602 

3 

14.82 

-18.8 

1785 

2 

14.78 

-18,6 

2312 

3 

14  53 

-18.4 

2603 

3 

14  ()5 

-15  2 

1787 

*> 

14.20 

-19,4 

2313 

4 

14,50 

-17.8 

2607 

3 

15.04 

-17  5 

178!) 

•> 

2 

14.20 
13.94 

-18,1 
-17,0 

2314 

2315 

4 
6 

14,49 
14,41 

-15.4 
-15.0 

2609 

2616 

2 

2 

14.62 

14.87 

— 17  0 

1812 

-18.2 

1856 

2 

14.33 

-17,4 

2321 

4 

14,46 

-17.9 

2619 

2 

15.19 

-15.7 

1857 

o 

14.02 

-17  6 

2322 

2 

13,62 

-17.1 

2620 

2 

14.71 

-18.1 

1858 

2 

14.74 

-16  1 

2323 

2 

13,32 

-17.2 

2628 

2 

15.83 

-15.3 

1866 

2 

14.64 

-16  3 

2336 

3 

14,58 

-16.2 

2647 

2 

15.14 

-15.6 

1876 

•> 

14.74 

-19,1 

2341 

2 

14,36 

"-18. 1 

2694 

2 

15.34 

-19,2 

18S0 

•> 

13.92 

-17  6 

2346 

2 

14,97 

-16.8 

2708 

2 

14.41 

-15,6 

1881 

2 

15 .  04 

-18,6 

2347 

2 

14,77 

-18,2 

2709 

2 

14.68 

-16.0 

18S2 

2 

14.23 

-19,8 

2347' 

2 

14,67 

- 16 , 5 

2713 

2 

14.14 

-17.4 

1885 . . 

2 

2 

14.02 
14.74 

-18,7 
-16,8 

2348 

2342' 

3 
3 

15 ,  13 
13,97 

-19,2 
-17,6 

2721 

2722 

2 
2 

14.62 
15 .  03 

—  15  7 

1886 

—  15  8 

1887 

2 

14.94 

-17,1 

2351 

2 

14,28 

-15,4 

2724 

2 

15.96 

-17.4 

1888 

2 

13.92 

-18,9 

2353 

2 

14,28 

-19,4 

2741 

4 

14.07 

-19.1 

1892 

2 

14.36 

-15,4 

2357 

6 

14,55 

-15,6 

2748 

2 

13.87 

-15.2 

1996 

2 

13.85 

-20  2 

2361 

5 

14,52 

-17,4 

2753 

2 

14  06 

-19.0 

2013 

6 

14.61 

-17,7 

2362 

3 

14,30 

-16,7 

2755 

3 

13.40 

-16.9 

2028 

2 
2 

14.89 
15.31 

-19,1 

-17,2 

2363 

2367 

3 
2 

13,69 
15,50 

-18,4 
-16,8 

2778 

2779 

2 
2 

14.11 
14.41 

15  6 

2027' 

-15.8 

2031 

4 

13.98 

-18,4 

2368 

2 

14,34 

-16,1 

2818 

2 

14.13 

-17.4 

2068 

2 

14.91 

-17,3 

2370 

2 

14,76 

.-20,0 

2832 

2 

14.32 

-15.4 

2083 

3 

14.37 

-16,8 

2371 

2 

14.65 

-17,6 

2878 

2 

14.51 

-19.9 

2084 

3 

14.02 

-19,5 

2372 

2 

14.65 

-17,2 

2882 

9 

15.21 

-16.9 

2086 

•> 

14.90 

-17,2 

2373 

2 

14.55 

-15,5 

2883 

2 

14.21 

-16.4 

2088  . . 

4 
4 
3 

14.33 
14.38 
14.23 

-18,9 
-15,6 
-17,7 

2401 

2409 

2413 

4 
2 

2  • 

14.91 
14.59 
13.68 

-18,3 
-15,5 
-17,6 

2884 

2905 

2911 

2 
3 
2 

15.01 
14.06 
14.88 

-18  3 

2093  ■ 

—  19  5 

2094 

-18.2 

2098 

2 

13.24 

-18,0 

2429 

2 

14.36 

-17,9 

2912 

2 

14.49 

-15.4 

2099 

■> 

13.24 

-19,8 

2430 

2 

14.06 

-18,8 

2913 

2 

15.68 

-19.5 

2101 

2 

14.39 

-16,6 

2431 

2 

14.96 

-19,7 

2914 

2 

15.48 

-17.1 

2103 

4 

14.18 

-15,4 

2458 

2 

14.76 

-16  1 

2930 

3 

14.09 

-17.3 

2104 

2 

13.75 

-18,9 

2460 

2 

13.96 

-18,9 

2931 

3 

14.33 

-18.9 

2105 

4 

14.29 
13.24 

-17,3 
-17,9 

2470 

2472 

2 
3 

13,07 
14,85 

-16,1 
-18,4 

2932 

2939 

2 
2 

14.50 
14.20 

-16  2 

2106 

-19.2 

2107 

2 

14.13 

-19,8 

2473 

3 

14,09 

-19  9 

2942 

2 

13.93 

-19.1 

2110 

3 

14.60 

-19,7 

2477 

3 

14,25 

-18.4 

2943 

2 

14.02 

-15.3 

2111 

4 

14.76 

-17,9 

2486 

3 

14,87 

-15.5 

2974 

3 

14 .  73 

-15.9 

150 


P  I-  B  L  I  r  ATI  ONS     OK    T  II  K     VeRKES     OBSERVATORY 


TABLi:  11     Continued 
Zone  -15°  to  -2(f— Continued 


1  >i  i'-'i,,i 

II'  i<" 

l>]urn:il 

II. h..- 

Diurnal 

Hollo- 

Number 

Days 

Mutiuii 

Kra|>liie 
Latfludc 

1       Number 

Days 

Mutiuil 

tirapliii- 

Number 

Days 

Motion 

graphic 

Sidereal 

1 

Sldcroal 

Latitude 

Sidereal 

Latitude 

2975 

2 

14^13 

-15?0 

;}2as 

4 

11M() 

-16?4 

33.S0 

■  > 

13?97 

-17°0 

2981' 

2 

14    13 

-16  5 

3213 

4 

14. S2 

-16. S 

33S6 

L' 

14  88 

-18.3 

2987 

2 

14.60 

-15  3 

3231 

3 

14.34 

-16.7 

3111 

■> 

15   14 

-16  4 

2988 

2 

14  SO 

-15.4 

3233 

2 

14.34 

-17.4 

.3412 

'2 

15  21 

-19.7 

2996 

4 

14. OS 

-17.3 

32.34 

..      2 

14  21 

-15.0 

3114 

1     *' 

14   17 

-15.2 

2998 

2 

13.62 

-18.6 

3235 

2 

13   Hi 

-IS  9 

3464 

2 

14  45 

-17.4 

3035 

2 

14.38 

-16.9 

3238 

'2 

14  47 

-19. S 

3465 

3 

14.17 

-16.4 

3038 

2 

13.89 

-18.6 

3246 

'J 

13  ()3 

-19  S 

3502 

..      3 

14.22 

-17.6 

3055 

2 

15.73 

-19  1 

.3247 

.  .       - 

14  21 

-15  0 

3.503 

..      2 

15.21 

-19.3 

3056 

2 

14.33 

-20  0 

,3251 

2 

13.16 

-16.6 

3511 

..      2 

14.38 

-18.0 

3057 

3 

14.19 

-15  3 

.32.52 

2 

13.16 

-15.2 

.3512 

..      2 

15.40 

-18.3 

3060 

2 

15  13 

-19. S 

.3283 

2 

14  SC) 

-16.6 

.3515 

4 

14.67 

-15.6 

3061 

3 

14  03 

-IS  3 

.3284 

..      2 

15.05 

-19  5 

.3516 

..      2 

14.79 

-18.9 

3065 

2 

14.93 

-19  7 

32S5 

2 

13.95 

-19  7 

.3518 

..      3 

14  21 

-19.3 

3073 

2 

15  23 

-20  0 

3290 

..      2 

14.22 

-19  7 

3.527 

5 

14  69 

-15  4 

3074 

2 

13.70 

-1(1  S 

.3291 

2 

13.77 

-16.9 

3.543 

..      2 

14.21 

-IS   1 

3075' 

•> 

14  92 

-19  7 

321)4 

.      2 

13.49 

-IS.  5 

.3.5.53 

2 

14, 32 

-17.0 

3077 

2 

14.31 

-ISO 

3297 

2 

14.23 

-17.7 

3571 

2 

14  31 

-19.1 

3078 

•> 

15.13 

-19.9 

33{K) 

.      2 

14.87 

-18.2 

3.577 

..      3 

13.S6 

-17  2 

3085 

2 

14.31 

-16.8 

331() 

.      2 

14.44 

-17.6 

3.5S9 

..      2 

14.. 38 

-19.4 

3086 

2 

14  31 

-16.2 

3.323 

2 

14.34 

-17.9 

3.593 

..      2 

14.08 

-18.5 

3102 

4 

14.73 

-IS, 3 

3324 

.      2 

14.34 

-ISO 

3625 

2 

14.45 

-17.3 

3106 

2 

13  S2 

-is.s    ! 

332(> 

.      2 

14.12 

-IS. 3     \ 

.3626 

..      2 

14.16 

-16  3 

3122 

3 

14  24 

-IS. 9 

3337 

4 

14.45 

-16.9 

.3640 

4 

14.88 

-16.4 

3144 

2 

14.  SO 

-IS  2 

.3.33S 

4 

14  .50 

-IS  6 

36.58 

..      2 

14.96 

-16.8 

:U4-. 

2 

13.92 

-lf>  6 

.3347 

2 

14  S7 

-IS  5 

3661 

..      2 

14.46 

-17.5 

3Mti 

2 

13  72 

-IS.  7 

.3:ms 

.      3 

14.94 

-19  S 

3(iSS 

4 

13.86 

-10.4 

3152 

2 

14  41 

-16.0 

.3351 

2 

14.61 

-16.6 

.3716 

.      5 

14  IS 

-15.5 

3153 

2 

14.30 

-l(i  6 

33.52 

4 

14.12 

-IS. 7 

3721 

4 

13  82 

-17.8 

3157 

2 

14.20 

-19  2     ' 

33.53 

.      3 

14  .54 

-16   I 

3722 

2 

14  70 

-19.6 

3162 

2 

14.10 

-19.2     i 

33.57 

.      3 

14  96 

-IS  7 

3723 

2 

14  20 

-IS. 2 

3166 

2 

13.78 

-IS  9     1 

3.3.5S 

3 

15  21 

-15  0 

37.36 

.      2 

14.11 

-16.9 

3186 

2 

15  79 

-19  3 

3,3.59 

.      2 

14  61 

-15  4 

3751 

.      2 

13.90 

-19.7 

3187 

2 

14.  IS 

-15.0 

3343' 

2 

14.23 

-17.1 

3774 

3 

14.08 

-19.6 

3188 

2 

14.68 

-IS.S 

3345'.  ... 

2 

14.03 

-19.3 

3S09 

2 

14, 57 

-16.6 

3193... 

2 
3 

14.98 
14   17 

-17  0 
-19  2 

334()' 

.3347'.    .. 

2 
2 

13  61 
13.92 

-19.3 
-15.1 

3S10 

3811 

2 

14.77 
15.27 

-16.1 

3202 

-16.5 

3203 

3 

14.37 

-19.2 

3355' 

2 

14.13 

-19.4 

3204 

2 

14.48 

-16.6 

3379 

.      3 

15.21 

-18.5 

1 

T  III-:     H  (I  T  A   T  I  ()  .V     P  E  H  I  O  I) 


IKE   Sun 


lol 


TABLE  n—Conlinued 


Zone  •>0°  to  25°  ^  ^""^  latitude  =  +22?22 

\  Mean  Diurnal  Motion  =     14?0.'j 


Number 


4.5 

47, 

49 

62 

63 

65 

66 

68 

74 

75 

88 

89 

90 

99 

100 

101 

109 

110 

118 

124 

131 

133 

134 

135 

136 

137 

139 

140 

149 

150 

151 

152 

157 

158 

160 

169 

187 

188 

20 

21 

22 

29 

34 

35 

32 

33 

192 

198 

200 

203 

204 

207 

22S 

250 

251 

256 

280 

285 

301 

308 

309 

318 

319 

325 

330 

334 

337 

341 


Days 


Diurnal 
M  ot  ion 
Sidereal 


14?35 
14.73 
14.22 
13.88 
13.37 
14.13 
14.64 
13.74 
13.74 
13.62 
13.93 
13.89 
13.24 
14.61 
14.78 
14.21 
14.38 
14,11 
14.51 
13.58 
14.42 
13.76 
14.65 
14.36 
14.34 
14.10 
14.09 
13.82 
14.43 
13.83 
13.83 
13.82 
14.36 
14.81 
14.75 
13.57 
14.74 
14.43 
14.64 
13.82 
14.24 
14.60 
13.52 
14.24 
14.13 
14.68 
14.45 
15.06 
13.83 
13.46 
13.96 
13.71 
13.75 
13.57 
14.12 
14.12 
14.18 
13.83 
14.08 
14.04 
14.33 
14.00 
13.97 
13.97 
13.47 
14.27 
14.13 
14.48 


Ilolio- 
grapiiic 
Latitude 


23?5 
20.0 
22.3 
21.9 
21 . 0 
23.4 
20.9 
24.3 
22  2 
24  0 
24  2 
20  5 
24.8 
22  1 
23^2 
25.0 
22.6 
20.1 
23.0 
22.5 
20.3 
22.1 
24.0 
24.5 
20  7 
20 .  S 


23.1 
23.1 
23  2 
22  1 
20.3 
21.6 
22.9 
22^4 
22.6 
22.8 
20.8 
23.2 
20.0 
20.2 
22.5 
20.4 
23.2 
22.9 
22.3 
23.5 
22.0 
20.8 
25.0 
20.5 
24.9 
21.2 
23.1 
21.8 
20.2 
22.8 
22.3 
23.5 
22.2 
21.9 
20.5 
21.8 
21.6 
20.8 
20.9 
24.5 
20.5 
24.8 


N  umber 


346 
347 
348 
366 
367 
368 
372 
378 
395 
396 
397 
411 
428 
429 
431 
432 
435 
4.37 
440 
441 
444 
445 
446 
447 
453 
451 
455 
458 
476 
490 
491 
496 
498 
500 
503 
508 
540 
541 
542 
574 
575 
606 
607 
611 
612 
624 
625 
643 
651 
653 
664 
745 
746 
759 
767 
774 
786 
794 
803 
863 
864 
866 
867 
893 
896 
899 
901 
915 


Days 


Diurnal 
Motion 
Sidereal 


13?47 
14.03 
15.03 
13  90 
14 .  12 
14.09 
13.69 
14.01 
14.06 
14.35 
13.87 
13.51 

13  56 
13.50 
13.40 
14.01 
12.88 
14.14 
14.90 
13.76 
14.08 
14.40 
14.65 
14.78 
15.03 
14.78 
14.52 
14.43 
14.15 
14.13 
14.13 
15.02 

'14.13 
13.64 
14.73 
14.31 
14.01 
13.80 
14.65 
13.69 
13.37 
13.83 
14.23 
14.04 
14.15 
13.54 
14.03 
14.26 
14.63 
13.94 
14.17 
14.29 
14.19 
14.71 
14.23 

14  33 
14.13 
14.11 
14.05 
13.96 
14.16 
13.62 
14.38 
13.59 
13.81 
13.81 
13.80 
14.43 


Helio- 
graphic 
Latitude 


21?1 
20.8 

21  0 
21.5 
20.4 
23 . 7 
20  2 
24 .  S 

20  6 

22  0 
22.7 

21  0 

22  0 
20  2 
23.5 
21 . 5 
22.9 
22.0 
21.0 
24.5 
20.6 
21.0 
21 . 5 
23.4 
24.3 
21.5 
20.2 
20.0 
23.2 
23 '2 
20.8 
20.4 
20.6 
21.2 
20.1 
22.6 
22.0 
23.0 
23.5 
21.1 
23.6 
20.8 
21.7 
20.9 
23.2 
24.4 
21.7 
24.2 
21.5 
24.6 
22.6 

22  7 
22^9 
20.6 
22.4 
22.1 
23.0 

23  6 
25.0 
22.3 
20.1 
22.7 
24.3 
23.2 
23^7 
21.4 
24.5 
20.4 


Number 


916. 

919. 

920. 

967. 

991  . 

998 . 

999. 
1  ()()() . 
1015. 
1016. 
lOlS. 
1025. 
1045. 
1017. 
1072. 
1088. 
1090. 
1092. 
1093. 
1094. 
1096. 
1131. 
1134. 
1138. 
1187. 
1196. 
1219. 
1220. 
1222. 
1235. 
1236. 
1239. 
1248. 
1249. 
1255. 
1271. 
1344. 
1359. 
1360. 
1362. 
1363. 
1364. 
1365. 
1369. 
1371 . 
1372. 
1387. 
1388. 
1389. 
1390. 
1391. 
1413. 
1423. 
1424. 
1437. 
1449. 
1460. 
1506. 
1512. 
1529. 
1530. 
1531 . 
1551. 
1552. 
1555. 
1564. 
1568. 
1596. 


Days 


Diurnal 
Motion 
Sidereal 


14?23 
14.23 
13.13 
13.92 

13  50 

14  40 

13  90 
13.32 
14.63 
12.62 
13.32 

14  05 
14.12 
14.83 
13.26 
14.60 
13.98 
14.02 
14.28 
14.34 
14.88 
13.94 
13  57 
13.97 
15.78 
13.94 
14.65 
14.75 
14.35 
14.35 
13.44 
13.84 
14.31 
14.33 
14.01 
13.95 
13.95 
13.94 
14.15 
14.52 
13.44 
12.64 
15.08 
13.74 
14.21 
13.81 
14.21 
13.62 
14.33 
13.84 
14.29 
14.12 
14.19 
13.58 
13.99 
14.08 
12.88 
14.04 
13.74 
13.56 
14.22 
14.40 
15.14 
13.95 
14.25 
13.53 
13.88 
13.95 


Hclio- 
(;ra|)liii; 
Latitude 


22  ?6 
24.5 

24.8 
22  6 
22.1 

21  7 

22  2 
2K8 
23.5 

22  2 
24  4 
20  9 

23  2 
20^8 
22.9 

20  4 
20.9 
22.8 
21.1 
20.1 
22.1 

23  9 

24  0 

23  S 

24  4 
20.9 
21.1 
21.6 
21.8 
22.7 
20.8 
21.3 
24  0 
22.8 

21  2 
25.0 
20.9 
21.9 
22.4 
22.2 
25.0 
20.2 
23.7 
21.2 
22.6 
23.3 
24.2 
22.9 
21.3 
20.2 
24.6 
23.6 
21.1 
24.0 
21.8 
20.3 
21.5 
22.5 
21.1 
20.9 
21.5 
21.2 
23.5 
22.0 
20.5 
20.5 
21.8 
24.9 


l.VJ 


P  I    U  L  I  (•  A  T  I  t>  N  S     OF     r  H  E     Y  E  U  K  K  S    (  )  B  S  E  R  \-  A  T  <  >  K  ^ 


TABLE  U—CotUinued 
Zone  20°  to  2o°— Continued 


Diurnal 

Holio- 

Diurnal 

Hello- 

DiiiriMl 

HeUo- 

Number 

Days 

Motion 

KTapliif* 

Number 

Days 

Motion 

graohic 

Niunber 

Uays 

Motion 

grapliic 

Sidcrcai 

L.aiitiid(> 

Sidereal 

latitude 

Sidereal 

Latitude 

1602 

4 

13?91 

24  °3 

lS(i9 

2 

13°41 

23  °9 

2200 

1 

13?96 

20?8 

1605 

3 

14  01 

2.5  0 

1S70 

■y 

14.23 

21.9 

22()i'> 

.i 

13  11 

22  3 

1606... 

13  26 

24   1 

1S71 

2 

13.62 

23.0 

221(1 

3 

14  Ofi 

21   6 

1624... 

14  (H) 

21   4 

190i» 

2 

14  36 

21.6 

221 1 

3 

13  31 

20  2 

1629... 

;  1 

13  .51 

22  3 

1910 

2 

13.60 

20.8 

222 1 

2 

14.27 

23  8 

1630.. 

14   11) 

22   1 

1923 

2 

13.89 

20.0 

22.33 

2 

13.72 

20  3 

1631... 

■; 

14.01 

20  S 

1924 

2 

14.27 

21.8 

2262 

4 

13  85 

21.5 

1632  . 

14  .50 

2t  2 

1928 

2 

13.41 

21.3 

2263 

4 

14  26 

21.5 

1641... 

.. 

13  .54 

20  .5 

1966 

2 

14.31 

23.7 

2385 

2 

14  02 

20  0 

1647 

2 

13  24 

21   7 

1972 

o 

14.77 

23.3 

2393 

4 

13  .58 

20  8 

1648 

2 

13  64 

21   7 

1974 

2 

14.25 

20  1 

2394 

2 

12  97 

23  2 

1677 

2 

14.13 

20  1 

1977 

4 

14.13 

21   1 

2.572 

2 

13.72 

25.0 

1682 

3 

14   14 

21   .5 

1978 

6 

13  8! 

21.4 

,  2.5S4 

3 

13.84 

22.7 

1684 

3 

14.  (» 

2.5  0 

1986 

3 

13  67 

23.2 

i  2585 

3 

13.90 

21.8 

1686 

2 

13  72 

24  <5 

19S7 

2 

14  46 

21.3 

2637 

2 

14.18 

20  9 

1692 

3 

13  43 

23  0 

2003 

3 

13.71 

21.4 

j  2638 

2 

14.51 

23.8 

1693 

2 
.3 

14  44 
14  .34 

23  .5 
20  9 

201 1 

2017 

6 
2 

13.84 
13.8.5 

2:i.l 
22.4 

26(54........ 

2749 

3 
2 

13.92 
13.77 

22.4 

1694 

21.8 

169.5 

3 

14. 50 

20   1 

2020 

4 

13  99 

20  0 

'  27.50 

2 

13.39 

20.0 

1697 

1720 

3 
•> 

13  84 
13  7.5 

■'0  7 

'>036 

4 

14  02 

23  7 

•>S')'> 

2 

13  64 

21   1 

21   3 

2(K)0 

4 

13  96 

22  4 

2839 

2 

13.69 

23.8 

17.54 

2 

14.49 

21   .5 

2(H>1  

2 

14. 59 

21.5 

3217 

2 

14.04 

20.4 

17.57 

•> 

13  79 

22  4 

2(M53 

2 

14. 59 

22.7 

32.58 

2 

13  .55 

21  (i 

17.58 

•  2 

2 

13    !  9 
13  ()9 

22  3 
21   9 

■'123 

2 

2 

13.88 
13.62 

23.7 
21.9 

3266 

3307 

2 
•> 

14  07 
1 4   76 

20  3 

1760 

1  212.5 

21    9 

181.5 

2 

14.34 

21  3 

2126 

2 

14.65 

20.5 

3393 

."i 

14  ()2 

20.9 

ISKi 

•> 

14   14 

20  0 

2128 

•> 

13.37 

20.7 

3416 

4 

14  ()9 

21.1 

1817 

2 

14.14 

22  1 

1  2131 

2 

14.13 

23  7 

:i«7 

2 

14  33 

23.5 

181.S 

2 
2 

14  64 
14()1 

2.3   1 
20  7 

2132 

21.33 

3 

2 

14  02 

1.5  29 

21   0 
2!   2 

3.5.34 

3.5(i2 

2 
2 

13.84 
13.63 

21.3 

1820 

20.  S 

1821 

2 

1414 

20  4 

i  2148 

2 

14. (Mi 

21    1 

3.597 

2 

13.88 

21  7 

1823 

2 

14   14 

22  3 

,  21.54 

2 

13  47 

20  2 

3(>(lt 

2 

13.98 

21   1 

1824 

o 

14  74 

219 

'  21.5.5 

2 

14. 86 

23.9 

3(;.3ti 

2 

13  76 

23.3 

1828 

1829 

o 

13  94 

•))  7 

2162 

•) 

14  35 

21   6 

369S 

3 

14   13 

22  0 

•> 

14.84 

24.6 

2188 

4 

14.00 

20.0 

3719 

2 

14  ()7 

21.0 

1867 

2 

14.23 

23.3 

2199 

4 

13.78 

21.3 

KoTATioN    P  i:  u  I  ()  I)   o  1'    I' n  E   Sun 


153 


TABLE  II— Continued 


Zone  -2(1°  to  -25' 


/Mean  I.aliliid.'  =-22?19 

\  Mean  Diurnal  Motion-     14?19 


Number 

Days 

Diurnal 
Motion 
Sidereal 

Helio- 
grapliic 
Ijatltude 

Number 

Days 

Diurnal 
Motion 
Sidereal 

Helio- 
Krapliic 
I^atitude 

Number 

Days 

Diurnal 
Motion 
Sidereal 

Helio- 
grapliie 
Latitude 

38 

2 
2 
2 
2 
2 
2 
3 
2 
2 
2 

3 
2 

2 
2 
2 
2 
3 
2 
2 
2 
3 

3 
*:) 

2 

3 

3 

2 
2 
2 

2 

3 
2 

2 
2 

3 
2 

6 
2 
4 
4 
3 
3 
3 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
•;) 

2 
2 
2 

2 
2 
3 
3 
3 
2 
3 

14?99 
14.73 
14.48 

13  20 
14.89 
15.14 
14.58 
14.40 
14.24 
13.61 
14.28 
14,24 
14.33 

14  06 
13.61 
14.15 
14 .  05 
14.31 
14.08 
14.40 
14.39 
14.73 
13.94 
13.57 
13.90 
14.04 
14.08 
13.87 
14  91 
15.11 
12.82 

13  65 
14.19 
14.84 
14.34 
13.91 
14.17 
14.14 
13.80 
14.01 
14.69 
14.84 

14  09 
14 .  55 
14  65 
14.05 
14.52 
14.43 
14.20 
13.99 
13.90 
13.80 
14.33 
13.90 
14.87 
14.65 
14.98 
13.48 
13.90 
14.01 
14.44 
14.47 
14.04 
13.57 
13.73 
13.88 
14.57 
13.77 

-23 'fO 
-23.8 
-25.0 
-21,9 
—22  2 
-20/2 
-21.3 
-20.0 
-24.0 
-22.4 
-23.9 
-23.9 
-24.3 
-20.6 
-20.2 
-22.6 
-22.3 
-24.1 
-22.2 
-20.8 
-20.0 
-20.3 
-21.4 
-21.6 
-20.9 
-21.7 
-20  6 
-21,7 
-20,8 
-20,1 
-22,6 
-22  1 
-24.0 
-23.1 
-22.9 
-21.5 
-22.5 
-24.8 
-22.3 
-20.5 
-20.2 
-23.3 
-23.6 
-23.4 
-22.9 
-24.5 
-24.8 
-21  2 
-23.5 
-21.3 
-24.1 
-22.7 
-23.1 
-22.8 
-22.8 
-23.6 
-23.1 
-21.1 
-22.5 
-21.0 
-20.5 
-23.0 
-24.9 
-22.2 
-22.5 
-20.4 
-21.2 
-23.1 

633 

634 

635 

680 

682 

703 

729.- 

730 

731 

732 

741 

749 

761 

762 

765 

779 

780 

787 

811 

821 

822 

826 

848 

856 

878 

880 

883 

884 

887 

894 

904 

906 

925 

927 

930 

931 

946 

948 

951 

953 

955 

956 

1052 

1053 

1054 

1075 

1081 

1104 

1105 

1107 

1109 

1121 

1122 

1143 

1144 

1153 

1154 

•1158 

1163 

1197 

1198 

1202 

1204 

1206 

1228 

1229 

1231 

1232 

2 

2 
2 
3 
2 
2 
3 
3 
4 
4 
3 
2 
2 

2 
2 
2 
2 
2 
2 
2 
4 
2 
3 
6 

I 

3 
2 

2 
4 
3 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
2 
.   2 
2 
4 
4 
4 
4 
4 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
2 
2 
2 
2 

14?20 
13.72 
14.49 
14.11 
14.18 
15.84 
14.21 
13.36 
14.22 
14.49 
14.50 
13.79 
13.93 
13.63 
14.84 
14.13 
13.83 
14.03 
13.54 
14.30 
14.59 
14.48 
13.95 
14.52 
14.68 
14.20 
14.29 
14.06 
14.05 
14.33 
14.19 
13.62 
14.53 
14.53 
14.43 
14.03 
13.05 
13.65 
13.25 
13.95 
14.12 
13.87 
13.98 
14.27 
14.77 
14.04 
13.75 
14.88 
13.90 
14.11 
13.99 
14.54 
13.87 
14.27 
14.77 
13.87 
12.57 
14.10 
12.74 
14.42 
14.25 
14.95 
14.95 
13.83 
14.75 
14.35 
14.15 
13.34 

-23?5 
-22.9 
-22.2 
-21.6 
-22.8 
-20.7 
-20.0 
-23.6 
-20.7 
-20.8 
-22.9 
-23 . 1 
-24.0 
-23.1 
-22.8 
-20.6 
-22.9 
-23.6 
-24:7 
-24.4 
-20.5 
-21.5 
-22.3 
-22.1 
-24.4 
-21.3 
-25.0 
-22.1 
-21.2 
-21.2 
-21.0 
-20,8 
-22,5 
-22,1 
-23,8 
-24,8 
-24,3 
-21.1 
-24.7 
-20.0 
-21.3 
-20.6 
-20.3 
-22.1 
-23.9 
-22.3 
-23.3 
-23.0 
-23.6 
-22.1 
—  24.2 
-20  !l 
-23.1 
-22.1 
-21.4 
-21.7 
-21.4 
-21.7 
-21.5 
-20.0 
-20.5 
-24.4 
-21.0 
-24.5 
-20  9 
-22.3 
-22.5 
-20.5 

1233 

1256 

1257 

1261 

1262 

1264 

1266 

1268 

1269 

1280 

1281 

1284 

1285 

1286 

1290 

1291 

1294 

1295 

2 

4 
4 
4 
4 
4 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
2 
3 
3 
3 
4 
4 
2 
2 
2 
3 
3 
2 
3 
3 
3 
2 
3 
3 
3 
2 
2 
2 
2 
5 
3 
2 
2 
2 
2 
3 
3 
2 
2 
2 
2 
2 
2 
2 

2 
2 

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

13?14 

14.98 
14.50 
13.99 
14.19 
14.40 
14.05 
16.35 
15.75 
15.65 
14.65 
14.65 
14.25 
13.55 
14.47 
13.59 
14.03 
14.08 
13.18 
13.42 
13.82 
14.32 
14.26 
14.10 
14.51 
14.22 
14.12 
14.55 
14.24 
13.81 
13.32 
13.65 
14.57 
13.55 
14.48 
14.62 
14.34 
14.84 
13.85 
13.50 
13.56 
14.10 
14.08 
14.79 
14.03 
13.73 
13.24 
14.75 
14.40 
13.75 
13.75 
14.15 
14.49 
13.99 
14.19 
14.09 
12.59 
13.52 
14.39 
14.20 
14.10 
14.59 
14.10 
14.23 
14.53 
13.62 
13.92 
14.23 

-23?5 

50 

-24.7 

51 

52 

57 

71 

-21.2 
-24.5 
-24.0 
-20.5 

72 

-22.6 

79 

-24.8 

114 

-24.4 

178 

-22.3 

4 

-21.3 

6.      . . 

-22.9 

7 

-20.0 

8  . 

-23.7 

9 

-22.8 

10  . 

-24.7 

12 

-22.8 

30 

-22.9 

219 

1300 

1334 

1335 

1381 

1383 

1384 

1399 

1400 

1404 

1427 

1435 

1464 

1474 

1481 

1482 

1483 

1484....... 

1489 

1490 

1491 

1493 

1474' 

1518 

1576 

1578 

1592 

1655 

1663 

1666 

1703 

1717 

1727 

1728 

1730 

1743 

1744 

1746 

1765 

1770 

1775 

1776 

1783 

1784 

1786 

1788 

1873 

1875 

J877 

1878 

1889 

-22.7 

235 

-24.0 

243 

-24.6 

245 

-20.5 

240 

-21.5 

254 

-20.6 

255 

-20.4 

266 

-20.0 

263 

-23.8 

264  . 

-20.7 

265 

-23.8 

276.. 

-21.1 

281 

-21.5 

291   . . 

-23.2 

292 

-20.5 

293.. 

-24.2 

331 

-22.0 

420 

-24.2 

436.. 

-23.2 

459 

-20.3 

461.. 

-24.1 

462 

-20.6 

466  . 

-21.3 

468 

-24.9 

469 

-22.9 

470 

-21.7 

471 

-22.1 

478..      .    . 

-21.4 

501 

-23.9 

502 

-20.6 

520 

-21.7 

528.. 

-20.0 

547 

-22.0 

548 

-21.2 

551 

-22.0 

552  . 

-20.4 

556 

-22.1 

557. 

-20.9 

561 

-20.5 

563.. 

-24.4 

564 

-21.1 

566.. 

-21.7 

570 

-21.9 

576... 

-20.1 

586 

-22.0 

588.. 

-24.6 

591 

-21.9 

595.. 

-23.4 

615 

-23.6 

621... 

-21.9 
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TABLE  U— Continued 
Zone  -20°  to  -25°— fon/tnued 


Number 

1893 

1894 

1895 

1930 

1990 

1993 

199.5 

2014 

2030 

2032 

20fi5 

2087 

2090 

2091 

209<> 

2097 

2100 

2139 

2145 

2150 

21.5.3 

2176 

?177 

2179 

2180 

2183 

2265 

2267 

2273 

2274 

2275 

2303 

2;ja5 

2311 

2317 

2330 

2369 

2370 

2374 

2395 

2396 

2407 

2426 

24.33 

2401 

2487 

248-' 

2490 

2511 

2514 


Days 


2 
2 
2 
2 
3 
2 
2 
3 
4 
3 
2 
3 
3 
4 
2 
4 
4 


Diurnal 
Motion 
Sidereal 


n°os 

13  79 

13  98 

14  31 

13  87 
14.15 

14  66 
14  01 

12  9S 

13  62 
14.38 
13  73 

13  S9 

14  14 
14.39 
14  44 
13  S6 

13  49 
15.08 
14.73 

14  is 
i:;  _'ii 
14 
1.5 
14.59 

14  08 

15  03 
14  84 

13  94 

14  IS 

13  94 

14  44 


Is 
10 


13 
14 


93 
.53 


13  90 

13  72 
15.  OS 

14  76 

13  00 

14  44 
14  13 
14  19 
14  49 
14  -JO 

13  SO 

14  46 
14  44 
14  75 
14  2S 
i:;  ■!:; 


HelitH 
graphic 
Latitude 


-20?6 
-20  3 
-23  9 
-23  1 
-20  1 
-20  3 
-23.0 
-22  3 
-21  5 
-23.3 
-22.4 
-23  5 
-23  3 
-21  1 
-20  1 
-23  2 
-  22 . 2 
-20  7 
-21.1 
-24.9 
-21.7 
-24.1 
-21.2 
-20.8 
-23  7 
-24  7 
-20.  S 
-20  0 
_•»  •> 


-20  •_' 
-21  1 
-24  3 
-21.0 
-20.9 
-20  5 
-20.8 
-20.0 
-23.1 
-23.8 
-23.1 
-24.6 
-22.9 
-21 

-0-> 


-24 
-22 
-20 
-24 
-21 


Number 


2517 

25  IS 

2.521 

2.532 

2.5.5S. 

2.501. 

25S6 . 

2.5S7. 

2.597. 

2.598. 

2601 . 

2015. 

2017. 

2730. 

2742. 

2743. 

2745. 

2746. 

2754. 

2788. 

2S16. 

2S17. 

2877. 

2881. 

2S.S5. 

2SS0. 

2933. 

2997. 

30.56. 

3().5S. 

30.59. 

3002 

3(Mi3 

3004 . 

3066. 

3072. 

.3073. 

3075. 

3099. 

3100. 

3101 

3103 

3104. 

3105. 

3120. 

3121 

31.50 

31.55. 

31.59. 

3160. 


I  Days 


lnuriKil 
Moiitm 
Skiere.-il 


llrll..- 

grapliic 
Latitude    I 


'  O'.l 
■Jl 


■Jt 


I  I 

I  I 

i:; 

I I 

14 
14 

13  17 

14  83 
14  42 

14  34 

15  07 
15  03 
14  71 
14  71 
14  03 
14  28 
14  02 
14  19 

13  87 
14.98 

14  .33 
14  23 
14  47 
14  37 

13  91 
I  I  si 
I  I  II) 

14  41 
14  .33 
1.;  7s 
1.".  1  ; 

14  Si) 
14  93 
15.15 
14  .54 
14.11 
15.23 
14.72 
14  .50 
14  24 
14.60 
14. 55 
13.86 
14  22 
15.06 
14  22 
14.31 
13.99 
13.37 
12.85 


-24?2 
-21  8 
-M  2 
-Jl  7 
-21  S 
-21  1 
-23  6 
-21  4 
-23  1 
-23  4 
-21.5 
-21.5 
-20.4 
-23.0 
-22.3 
-20.6 
-34  6 
-21 . 1 
-21.0 
-20.8 
-21.7 
-21.3 
-22.5 
-23.3 
-22  7 

-LM    II 

-I'l  '.I 

-23.9 
-20  0 


-21  .5 
-24  5 
-21.9 
-22.7 
-24.5 
-20.0 
-20.4 
-21.6 
-21.2 
-21.5 
-21.6 
-20.7 
-21.0 
-21.7 
-22.4 
-23.3 
-23.4 
-23.8 
-24.7 


Numljer 


3161. 
3167. 
3168. 
3191. 
3192. 
3205. 
3214. 
.3215. 
3237. 
3239. 
3240. 
3241. 
.3244. 
3245. 
3292. 
3293. 
3295. 
3299. 
3325. 
3349. 
33.50. 
3344' 
3387. 
3388. 
3427. 
3429. 
3407. 
3468. 
3504. 
3517. 
3519. 
3.520. 
3.521. 
3.522. 
3.533. 
3.544. 
3.545. 
3.548. 
3.549. 
3.555 . 
3.591. 
3627. 
3628. 
3649. 
3733. 
3734. 
3749. 
3754. 
3773. 


Days 


Diurnal 
Motion 
Sidereal 


HeUo- 
graphic 
latitude 


13?.5S 
13.68 
13.27 
15.79 
14.00 
14.28 
14  79 
12.75 
13.81 
13.29 
14.47 
13.16 
13  81 

13  29 
13.86 
14.41 
14. 50 
14.76 
14.02 
14.85 
14.20 

14  13 
14.61 
14.71 
14.67 
14.59 
14.35 
14.12 
13.94 
14.22 
14.01 
14.44 
14.08 

13  94 
14.79 
13.39 
14.93 
14.17 
14.00 
14.12 
13.48 

15  04 
13.27 
13.87 
14.01 
14.29 

14  53 
14.18 
13  16 


-23?3 
-22.1 
-20  2 
-24  5 
-24  5 
-22  4 
-22.8 
-21.0 
-21.5 
-21.5 
-23  1 
-24.8 
-23  5 
-20  1 
-20  7 
-20.9 
-21.0 
-20.2 
-20.7 
-23  9 
-22.1 
-23  0 
-21  7 
-21.0 
-21.6 
-21.6 
-20.9 
-20.3 
-23  4 
-21  0 
-21  1 
-20  4 
-22  3 
-20  1 
-23.2 
-20  3 
-21.9 
-20.5 
-20.3 
-20.2 
-23  7 
-21.6 
-24.7 
-22  2 
-21  4 
-20  6 
-21  1 
-24  2 
-22.9 
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TABLE  II— Continued 


Zone  25°  to  30' 


f  Mean  Latitude 


=  +27?01 


\  Mean  Diurnal  Motion  =     13?88 


Number 

Days 

Diurnal 
Motion 
.Sidereal 

Hclio- 
graphic 
i^atilude 

Numt)pr 

Days 

Diurnal 
Motion 
.Sidereal 

Helio- 
grapliic 
Latitude 

N'uinher 

Days 

Diurnal 
Motion 
Sidereal 

Hclio- 
grapUc 
I^atftude 

46 

2 

2 
2 

2 
3 
5 
2 
2 
4 
4 
3 
3 
3 
3 
2 
2 
2 
3 
3 
3 
3 
3 
2 
2 

3 
2 
2 
2 

2 
2 
2 

2 

4 
2 
2 
2 
2 
2 
4 

13?84 
14.73 
14.99 
13.88 
13.46 
13.48 
13.37 
12.50 
13.50 
13.70 
14.21 
13.94 
13.92 
13.74 
13.58 
13.58 
14.23 
14.24 
13,90 
14.79 
14.46 
14.06 
12.78 
14.33 
13.87 
13.96 
13.83 
14.08 
13.83 
13.57 
13.87 
14.30 
13.97 
14.03 
14.13 
14.22 
13.40 
14.40 
14.90 

27  ?3 
26.0 
27.5 
25.2 
26.8 
28.5 
27.6 
26.9 
29.1 
28.4 
25.0 
27.3 
26.2 
27.6 
26.6 
25.5 
27.8 
27.3 
27.9 
26.5 
26.2 
25.6 
29.7 
26.7 
26.7 
26.4 
25.0 
26.7 
26.5 
29.7 
27.5 
26.6 
26.2 
29.0 
26.8 
27.2 
26.9 
25.2 
27.2 

464 

509 

543 

614 

623 

647 

652 

654 

655 

656 

747 

748 

766 ". 

769 

781 

795 

802 

803 

807 

841 

905 

907 

971 

975 

976 

1007 

1008 

1009 

1013 

1014 

1017 

1019 

1026 

1115 

1125 

1188 

1234 

1237 

1270 

2 
2 
2 
2 

3 

4 
2 
2 
2 
2 
2 
2 
2 
2 
2 

4 
2 

2 

2 

4 
4 
4 
3 
2 
2 
3 
3 
3 
3 
3 
3 
3 
6 
2 
3 
2 
2 
2 
2 

14?52 
14.20 
13.16 
12.87 
14.67 
13.34 
14.34 
13.84 
13.74 
14. 53 
14.79 
12.38 
13.73 
14.13 
13.73 
14.32 
12.41 
14.05 
14.05 
13.98 
13.51 
13.79 
14.57 
13.65 
13.65 
13.87 
14.02 
14.02 
13.63 
13.17 
13.87 
13.27 
13.67 
14.15 
13.85 
13.78 
14.75 
14.45 
13.85 

26?3 
25.9 
26.9 
27.8 
26.3 
27.0 
25.5 
29.4 
27.9 
28.6 
25.6 
30.0 
27.7 
25.2 
30.0 
25.7 
29.2 
25.0 
25.2 
26.3 
29.1 
27.4 
25.5 
28.4 
29.8 
28.4 
28.2 
26.0 
25.9 
29.3 
25.5 
26.3 
26.8 
28.0 
27.5 
26.5 
25.2 
25.4 
25.2 

1271 ....... 

1311 

1303 

1373 

13S5 

1.386 

1418 

1532 

1605 

1607 

1639 

1640 

1684 

1685 

1687 

1690 

1691 

1698 

1759 

1761 

1826 

1947 

1973 

1979 

1980 

198S 

1989 

2000 

2001 

2008 

2012 

2016 

2046 

2062 

2124 

2175 

2299 

2572 

2 
2 
2 
4 
4 
2 
3 
2 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
6 
5 
2 
4 
3 
2 
4 
2 

13?95 
13.97 
13.44 
13.76 
13.66 
13  84 
14.45 
13.47 
14.01 
13.86 
13.71 
13.86 
14.09 
13.99 
13.48 
14.44 
14.14 
13.84 
14. 59 
12.89 
14.14 
14.21 
13.33 
13.95 
14.05 
13.64 
14.97 
13.49 
13.77 
13.30 
13.01 
13.37 
13.96 
14.39 
14.45 
13.47 
13.73 
13.72 

25  °0 

54... 

''8  5 

55 

25  0 

64 

25  9 

67 

28  4 

77 

25  3 

87 

25  3 

91 

26  7 

92... 

25  0 

93 

26  5 

101 

26  2 

103 

26  3 

104 

25  0 

126 

27  0 

107 

27  5 

123.. 

''8  6 

141 

25  3 

142 

27  7 

146 

27  2 

147 

25  3 

148...    . 

27  1 

159 

166 

23 

25.2 
26.0 
26  8 

24 

199 

27.6 
25  5 

200 

205 

27.0 
28.0 

206 

29  6 

247 

28.3 

279 

29  7 

324 

329 

342 

29.3 
29.6 
27  0 

349 

25.2 

379 

30-.  0 

426 

29.4 

438 

25.0 

451 
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TABLE  U— Continued 

^j^„  /  Mean  Latitude  =  -27?28 

~  Mean  Diurnal  Motion  =     14?05 


Number 

Days 

Diurnal 
Motiiui 
Sidereal 

Heliiv- 
uraplilc 
Latitude 

Xumhor 

Da.v.-i 

Diurnal 
Motion 
Sidereal 

Hello- 
graphic 
Latitude 

Number 

Days 

Diurnal 
Motion 
Sidereal 

Helio- 
grapbic 
Latitude 

51 

2 
3 
3 
2 
2 
2 
2 
2 
2 
■? 

a 

2 
2 
2 

2 
2 
2 
2 
2 
4 
2 
3 
2 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 

2 
3 
2 
2 

14?4S 
14.62 

13  77 
14. 3S 
14.00 

14  04 
14.77 
14.04 
13.98 
M   12 

lo.oS 
14.  So 
13.  S2 
15.00 
14   It 
!  1    711 

1.;  7i. 

14.44 
14.33 
14.02 
13.82 
13.  S2 
13.32 
14.05 
13.84 
14.44 
14.44 
14.01 
14.55 
14.38 
13.82 
13.71 
13.93 
13.71 
14.02 
13.10 
13.74 
14.29 
13  90 
13.70 
14.40 
14.03 
12.92 
H  .IS 

It   II 
13.33 
14.29 
13.93 
14.03 

-25?0 
-25  1 
-27.6 
-29.9 
-28.9 
-27.7 
—27  2 
-27:3 
-29.2 
-2fi  2 
;ii  n 

-2S -0 
-29..^) 
-28.1 
-29.2 
-27  :^ 

■Js   II 
-I'll  II 
-27.1 
-27.7 
-26.4 
-28.9 
-25.  S     ' 
-20.0 
-25.3 
-25.3 
-25.2 
-29.9 
-26.1 
-27.0 
-30  0 
-25.0 
-27.9 
-28.7 
-29.5 
-26.0 
-27.1 
-28.1     . 
-27.3 
-29.7 
-28. 0 
-28.9 
-26.0 
-25.4 
-25  0     1 
_'■-    1 

-  ;;."> ,  1 
-26.0 
-25.0 
-28.1 
-26.9 

940 

980 

1106 

1108 

1110 

115.^) 

1150 

1157 

1180 

1181 

1184 

11S5 

1192 

1201 

1203 

1205 

1265 

1207 

1275 

1270 

1279 

1292 

1293 

1290 

1297 

1298 

1299 

•> 
2 
2 
3 
4 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
4 
2 
2 
2 
2 
3 
3 
3 
2 
4 
4 
2 
2 
2 
3 
2 
3 
3 
2 
3 
2 
5 
2 

3 
2 
2 

2 
2 

2 
2 
2 

■> 

13?83 
14.23 
12.55 
13.59 
13.68 
13.95 
14  73 
14.63 
13.47 
14.52 
14.20 
14.94 
13.99 
14.10 
15.01 
14.76 
13.88 
14.24 
14.85 
14  25 
13.85 
14.65 
13.94 
13.44 
13.74 
14.27 
14.43 
13.66 
14.10 
14.61 
14.61 
14.55 
13.81 
14.67 
14.04 
13.75 
13.89 
12.90 
13.24 
13.10 
12.94 
14.30 
14.11 
14.01 
14.03 
14.23 
14.13 
14.03 
13.55 
12.59 
13.81 
13.03 
12.62 

-25?8 
-26.5 
-26.3 
-25.5 
-27.3 
-27.1 
-28.0 
-26.6 
-25.2 
-29.6 
-27.9 
-28.5 
-28.3 
-25.4 
-25.8 
-25.4 
-26.3 
-25.8 
-25.7 
-30.0 
-28.2 
-25.9 
-25.5 
-28.8 
-26.1 
-27.9 
-26.8 
-28.0 
-29.4 
-25.8 
-26.1 
-25.3 
-25.4 
-26.4 
-25.6 
-27.2 
-27.5 
-29.5 
-27.2 
-28.0 
-27.9 
-20.2 
-29.2 
-25.2 
-26.8 
-30.0 
-25.7 
-29.7 
-29.2 
-25.5 
-26.7 
-27.1 
-28.5 

1874 

1879 

1890 

1896 

1897 

1898 

1899 

1931 

1932 

1933 

1934 

1937 

1994 

2181 

2182 

2185....... 

2186 

2304 

2306 

2307 

2308 

2310 

2343 

2377 

2436 

2499 

2487' 

2555 

2621 

2622 

2644 

2645 

2646 

2879 

2880 

2887 

2937 

3067 

3076 

3158 

3163 

3189 

3190 

3236 

3242 

3243 

3360 

3413 

3523 

3739 

3740 

3748 

2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 

3 
2 

2 
2 
2 
3 
3 
3 
5 
3 
3 
2 
2 
6 
2 

3 
2 
2 
6 
3 
3 
2 
2 
2 
2 
2 
2 

2 
2 
2 

5 
2 
2 
2 
2 
2 
2 

2 
*> 

2 

14?43 
13.72 
14.33 
13.89 
14.46 
14.17 
13.22 
14.31 
14.01 
12.31 
13.41 
13.81 
14.04 
13.47 
14.18 
13.37 
14.08 
15.28 
13.88 
13.98 
14.01 
13.93 
13.92 
14.76 
13.86 
14.07 
13.38 
14.24 
15.19 
15.19 
13.96 
14.06 
14.34 
14.31 
15.21 
14.51 
14.00 
15.23 
13.19 
13.99 
14.20 
14.58 
13.94 
13.68 
13.55 
.12.89 
14.48 
14.85 
14.22 
14.16 
14.44 
13.79 

— 28°3 

73 

—25  5 

80 

—27  4 

SI 

—26  3 

82 

—27  5 

Ill 

—28  5 

112 

-27  3 

115  . 

—25  9 

116 

-27  0 

127 

-25.8 

128 

130 

170 

-29.8 
-27.9 
—27  0 

181 

-27  3 

182 

—29  8 

1 

-27  1 

2 

3 

323 

352 

-27.3 
-25.7 
-29.5 
-29  7 

353 

—29  3 

404 

406 

407 

4<>0 

407 

-25.6 
-27.1 
-25.2 
-28.6 
-26.7 
—27  3 

472 

558 

-26  2 

559 

1330 

1402 

1405 

1)33 

1408 

14SS 

1492 

1497 

1498 

1577 

1579 

—26.5 

500 

-27  3 

567 

—29  6 

587 

-28  0 

636 

—  29  6 

644 

-26  4 

645 

—  28  8 

646: 

—29  7 

701 

—27  9 

705 

—26  I 

717 

-25.7 
-25.5 
-27.0 
-27.8 
-26.4 
-29.0 
-27.4 
-26.1 
-29.8 
-25.1 
-25.7 
—26  9 

742.. 
750. . . 

751 

753 

784 

810.. 
820.. 
823.. 
825.. 

847 

882 

1582'!!!!!! 

1.5S3 

1593 

irm 

1597 

1050 

1057 

1705 

17(Mi 

1720 

1700... . 
179S... . 
1799 

883 

—26  0 

928 

—27  8 

929 
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TABLE  II— Continued 

V        mo,    „„/ Mean  Latitude  = +32?08 

Zone  30   to  35  <  ,,        _,•         i  ivt  ••  looao 

\  Mean  Diurnal  Motion  =     13?63 


Number 


76 
94 
95 
102 
105 
106 
257 
259 
617 
657 
748 
781 
791, 
972. 
977. 

1021. 

1022. 

1083. 

1116. 


Days 


4 
4 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
3 
2 

3 
3 
2 
o 


Diurnal 
Motion 
Sidereal 


13?24 
13.80 
14.16 
14.48 
14.53 
14.16 
12.83 
13.66 
14.57 
13.94 
12.38 
13.73 
12.32 
13.62 
13.45 
13.87 
13.47 
13.16 
14.36 


Ilclio- 
graphic 
Latitude 


32  ?4 
30.3 
32.3 
31.7 
30.8 
34.6 
30.5 
34.1 
33.5 
30.1 
30.0 
30.0 
33.3 
30.5 
31.8 
30.3 
32.5 
35.2 
32.0 


Number 


1117 
1118 
1127 
1139 
1194 
1195 
1307 
1309 
1310 
1312 
1313 
1317 
1339, 
1553, 
1554. 
1613. 
1614. 
1620. 
1621. 


Days 


2 
2 
3 
2 

3 
3 
3 
3 

2 

4 
4 
4 
2 

3 
2 
5 
3 
3 
3 


Diurnal 
Motion 
Sidereal 


14?47 
14.77 
13.26 
13.27 
13.21 
13.58 
13.84 
14.09 
13'.  97 
13  32 
13  05 
13.17 
11.98 
12.80 
13.56 
13.43 
13.10 
13.59 
13.94 


Helio- 
graphic 
Latitude 


30?5 
33.9 
33.5 
32.0 
30.7 
31.8 
32.8 
34.2 
33 . 1 
30.6 
32.7 
31.8 
32.5 
30.5 
33.8 
33.9 
30.9 
31.7 
31.4 


Number 


1625. 
1688. 
1689. 
1724. 
1725. 
1825. 
1948. 
1999. 
2002. 
2016' 
2040. 
2047. 
2048. 
2175. 
2234. 
2301. 
2592. 
3209. 


Days 


3 
3 

2 
2 
2 
2 
2 
3 
2 

6 
4 
2 
2 
2 
2 
2 
2 
2 


Diurnal 
Motion 
Sidereal 


13?46 
14.09 
13.72 
13.95 
13.95 
13.43 
13.51 
13.37 
13.96 
13.19 
14.10 
13.33 
14.07 
13.47 
13.99 
13.84 
14.52 
13.18 


Hcllo- 
graphJc 
Latitude 


34  ?2 
30.2 
30.7 
32.1 
34.9 
32.0 
30.7 
31.0 
33.3 
32.0 
32.4 
32.1 
31.2 
30.0 
34.9 
31.2 
33.4 
32.0 


„  ,„o,        .,.,/Moan  Latifudo  = -31?98 

Zone  —30   to  — 3o  1  ,,        „.         ,  ,,  ,.  ,r,ooo 

\  Mean  Diurnal. Motion  =     13?88 


Number 

Days 

113 

2 

117 

2 

128 

3 

129 

2 

183 

2 

184 

2 

220 

2 

221 

2 

405........ 

2 

549 

2 

550 

2 

587 

3 

592 

4 

616 

2 

937 

2 

938 

2 

1  1ft9 

9 

Diurnal 
Motion 
Sidereal 


14?77 
13.31 
13.26 
13.96 
13.41 
14.13 
14.94 
13.59 
13.22 
13.69 
13.69 
14.38 
13.16 
13.40 
12.83 
14.03 
14.42 


Helio- 

grapliic 
Latitude 


-31?2 
-33.5 
-30.0 
-31.5 
-31.5 
-30.6 
-32.3 
-30.8 
-32.6 
-30.5 
-30.1 
-30.0 
-30.4 
-32.7 
-31.2 
-30.5 
-32.0 


Number 


1183. 
1275. 
1277. 
1278. 
1304. 
1308. 
1352. 
1333. 
1571 . 
1580. 
1581. 
1595. 
1657. 
1708. 
1711. 
1712. 
1844. 


Days 


2 
2 
2 
2 
2 
3 
2 
2 
2 
5 
3 
2 
2 
2 
3 
3 
2 


Diurnal 
Motion 
Sidereal 


14?31 
14.25 
14.25 
14.05 
13.97 
13.74 
13.45 
13.35 
13.76 
13.38 
13.73 
14.01 
14.23 
13.72 
13.94 
13.28 
14.04 


Helio- 
graphic 
Latitude 


-32?3 
-30.0 
-33.8 
-33.0 
-33.0 
-30.8 
-33.8 
-31.0 
-34.5 
-33.3 
-31.3 
-30.8 
-30.0 
-31.2 
-31.4 
-32.7 
-34.5 


Number 


1846 
1848 
1935 
1936 
2184 
2320 
2342 
2354 
2355 
2434 
2435 
2438 
2618 
2623 
2624 
2649 
3339 


Days 


Diurnal 
Motion 
Sidereal 


14?34 
14.34 
13.21 
12.61 
13.67 
14.29 
13.76 
13.47 
14.58 
13.86 
14.16 
13.27 
14.55 
14.71 
14.71 
13.48 
15.28 


Helio- 
graphic 
Latitude 


-34  ?2 
-32.0 
-32.0 
-33.2 
-30.9 
-30.3 
-34.2 
-31.0 
-33.4 
-30.8 
-33.2 
-34.4 
-33.7 
-31.8 
-34.6 
-32.2 
-30.1 


Zone  35°  to  40' 


f  Mean  Latitude 


=  +37?12 


1  Mean  Diurnal  Motion  =     13?26 


Number 

Days 

Diurnal 
Motion 
Sidereal 

Helio- 
graphic 
Latitude 

Number 

Days 

Diurnal 
Motion 
Sidereal 

HeUo- 
graphic 
Latitude 

Number 

Days 

Diurnal 
Motion 
Sidereal 

HeUo- 
graphic 
Latitude 

121 

2 
2 
2 
3 
2 
2 
2 

13?18 
13.71 
15.17 
9.89 
13.55 
12.74  ' 
13.57 
13.53 

36  ?9 
35.4 
38.5 
38.8 
36.0 
38.8 
36.9 
37.7 

783 

840 

978 

1119 

1128 

1140 

1331 

1338 

2 
2 
2 
2 

3 
2 
2 
2 

13?93 
13.54 
12.45 
14.05 
12.62 
12.37 
12.19 
13.30 

38?5 
35.2 
37.1 
37.1 
36.4 
35.9 
35.9 
38.5 

1827 

2049 

2050 

2051 

2235 

2593 

2 
2 
2 

2 
2 
2 

13?73 
13.96 
11.87 
14.07 
14.09 
14.21 

38?4 

122 :.. 

35.5 

125.. 

35.1 

258 

37.5 

475.. 

38.6 

480 

38.0 

519... 

782 
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TABLE  II— Continued 

Mean  Latitude  =  — 37?59 

Mean  Diurnal  Motion  =     13?65 


-40° 


Number 


Days 


Diurnal 
Motion 
Sidereal 


H.liiv 
Knipliir 
Latitude 


179 

2 

13!71 

-3S?1 

ISO 

2 

14  23 

-39  7 

546 

2 

14  12 

-35  4 

593 

2 

14.36 

-36.9 

596 

3 

12  77 

-39. S 

1353 

2 

12.05 

-38.2 

NumliiT 


1425. 

i7in. 

1S45. 
2309 
2327. 
2350. 


Days 


Diurnal 
Motion 
Sidereal 


13?12 
13.88 
13.13 
13.6;} 
13.63 
13.47 


Holio- 
graplilc 
Latitude 


-39?9 
-35.1 
-37.5 
-37.6 
-37.2 
-38.2 


Number 

Days 

2356 

■> 

2437 

2 

2439 

2 

2440 

2 

2625 

2 

Diurnal 
Motion 
Sidereal 


13?78 
14.56 
13.27. 
13.67 
14.71 


HeUo- 
grapliic 
Latitude 


-35?6 
-36.1 
-35.3 
-39.6 
-38.9 


Zone  40°  to  45°  I 


Mean  Latitude  =+41?61 

Mi'iui  Diurnal  Motion  =     12?46 


Numlx;r 

Days 

Diurnal 
Mot  ii 111 

Si.l.T.al 

H.li,>- 
jrrapliio 
Latitude 

Numi)er 

Days 

Diurnal 
Motion 
Sidereal 

Helio- 
graphic 
Latitude 

Number 

Days 

Diurnal 
Motion 
Sidereal 

Helio- 
grapliic 
Latitude 

260 

2 
■> 
o 

1  _'  .  ;  '  1 

11.^13 
12.85 

43?4 
40.1 
40.6 

1141 

1314 

2052 

2 
2 
2 

11?47 
12.88 
13.12 

40?1 
40.2 
44.9 

2053 

2054 

2 

2 

13?75 
12.18 

43  ?3 

481 

980 

40.3 

Z..i,.-  -  (II-  I. 


-4.V 


Mean  Latitude  =-41?25 

\  I  can  Diurnal  Mot  ion  =     12?80 


Number 

Days 

Diurnal 
Motion 
Sidereal 

HeUo- 
graphic 
latitude 

Number 

Days 

Diurnal 
Motion 
Sidereal 

Hclio-      ' 
grapliic 
Latitude    j 

1709 

3 

12?01     j    -41?5 

2441 

4 

13?59 

-40?8 

Zone  45°  to  50° 


Mean  Latitude 


=  +47?73 


Mean  Diurnal  Mo(i(m=      11?5S 


Number 

Da 

.1 
1 

Il.-lio- 
Kraphir 
Latltiulf 

N  umlwr 

Days 

Diurnal 
Alotion 
Sidereal 

Hello- 
graphic 
Latitude 

Number 

I)a.\s 

Diurnal 

Motion 
.Sidereal 

Helio- 
(fraphic 
Latitude 

979 

•> 

11.11 

.Mia)      1 

1315 

2 

n?70 

47  ?5     i 

1311. 

2 

11?89 

45?7 

Zone   -45°  to   -  50 


_  en"  /  ^'t'"'"  Latitude 


\  Mean  Diumal  Motion  = 


-  45  ?5 
9?78 


9?7»     I   -40 
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TAHLE  ll~Conlinued 

,  /  Meun  Latitude 
\  Mean  Diurnal  Motion  =     11?76 


Zone  50°  to  55°  ^  ^^'''"*  ^''"""'«'  =  ^'''^  ° ^^ 
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Number 

Days 

Diurnal 
Motion 
Sidorcal 

Helio- 
graphic 
Latitude 

Number 

Days 

Diumal 
Motion 
Sidereal 

Ilelio- 
grapliic 
Latitude 

261 

2 

12?38 

53  ?9 

979 

2 

n?i4 

50?0 

Zone  -50°  to  -55" 


fMean  Lafiti 
\  Mean  Diurr 


ude  =  -50?8 

Diurnal  Motion  =       7?87 


Number 


754. 


Days 


Diiu'nal 
Motion 
Sidereal 


7?87 


Helio- 
grapliic 
Latitude 


-50?8 


COLLECTED  RESULTS  AND  THEIR  REPRESENTATION  BY  FORMULAE 

Various  foniuilae  have  been  used  to  represent  the  angular  luotitju  in  (liffcrrnl  hcliographic  latitudes. 
Taking  the  values  of  the  mean  diimial  sidei-eal  motions  (^),  for  the  different  five-degree  zones  with  the  mean 
latitudes  (0),  corresponding  to  these  means,  constants  have  been  computed  for  the  following  formulae: 


^=a+h  cos-  <j>       and        ^  =  c-\-d  cos  4> 


with  results  as  follows: 


^=ll?584+2?976cos-^0        and        ?  =  9?174-|-5?372  cos<^ 

In  determining  the  mean  latitudes  and  mean  diurnal  sidereal  motions  for  substitution  in  the  formulae 
for  the  derivation  of  the  constants,  the  values  for  the  two  hemispheres  have  been  combined,  weighting  them 
according  to  the  number  of  points  measured.  Either  formula  represents  the  observations  well  within  the 
error  of  measurement,  as  is  shown  in  the  following  table. 


TABLE  III 
Representation  of  the  Observations  by  Empirical  Formui,.\e 


Number  of 

« 

Observed  i 

f  =  o+6  cos=« 

f  =  c+d  cos« 

Points 

Computed  f 

AJ 

Computed  i               Af 

267 

2?78 
7.80 
12. 56 
17.49 
22.20 
27.17 
32.03 
37.32 

14?.56 
14.51 
14.:3S 
14.30 
14.12 
13.98 
13.75 
13.43 

14?.5.53 
14.505 
14.419 
14.291 
14.135 
13.939 
13.723 
13.466 

+0?01 
0.00 
-0.04 
+0.01 
-0.02 
+0.04 
+0.03 
-0.04 

14?540 
14.496 
14.417 
14.298 
14.148 
13.9.53 
13.728 
13.446 

+0?02 
+0.01 
-0.04 
0.00 
-0.03 
+0.03 
+0.02 
-0.02 

.MO 

S42 

1044 

664 

274 

107 

39 
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Exanunation  of  tlie  observations,  however,  shows  tliat  for  evciy  pair  of  zones  except  the  fii*st,  0°  to  5°, 
the  southern  hemisphere  has  slightly  higher  angular  motion.  Therefore,  using  the  cos-  4>  formula,  the 
constants  were  computed  independently  for  the  two  hemispheres,  as  follows: 

Northern  hemisphere,  {=ll?107+3?449  cos- 4> 
Southern  hemisphere,  J=12?143+2?408  cos^* 

The  representation  of  the  observations  by  these  formulae  is  given  in  Table  IV. 


T.\BLE  IV 

DlSTRIBl'TION   OF   THE   OBSERVATIONS   IN    HEMISPHERES    AND   THEIR   REPRESENTATION    BY   FORMULAE 


NOBTHERN    HeUISPBERE 

SocTHERN  Hemisphere 

Number  of                 . 
Point*                    ♦ 

Observed  { 

Computed  ( 

1 

Number  of 
Points 

« 

Observed  { 

Computed  ( 

Af 

156                             2°88 

14?58 
14.51 
14.33 
14.24 
14.05 
13.88 
13.63 
13.26 

14?547 
14.492 
14.395 
14.2.53 
14.063 
13.845 
13. 583 
13.300 

+0?03 

+0  02 
-0  07 

HI 

-  2?65 

-  7.71 
•—12  67 

-17.58 
-22.19 
-27.28 
-31.98 
-37.58 

14?.53     1     14?546 
14.52          14.508 
14.43          14.43.5 
14.35          14.331 

-0?02 

323 7  86 

499                            12  49 

217 

343 

+0.01 
+0.01 

521                           17  39 

-0.01 

523 

4-0  02 

311.! 22  22 

116                          27  01 

-0.01 
+0.03 
+0.05 
-0.04 

353 

158 

14.19          14  20S          -0.02 
14.05          14.045              0.00 

56            .              32  08 

51 

13.88 
13.65 

13.876 
13.655 

0.00 

22                          37  12 

17 

-0.01 

14T6 


14.4 


14.2 


14.0 


13.8 


13  6 


13.4 


13.2 


13^0 


• 

^s^^tfe^ 

~^^^^ 

%..-. 

"  ^^v 

N^  '-.*" 

^N^       ■'. 

\ 

N^      o  '. 

N 

.  ■».. 

\ 

^^ 

\ 

1 

\ 

""0_ 

^       \ 

. 

\ 

{•iiSo^^Ss  cols'*  

t-si7^ii7co»» 

<-lOl.i'«3co»'» 

. Norrhorn   Hemidf>rMr« 

\          \ 

C-iZTM '2.41  cos** 

5t>w?r*orn  MaiTtt&pri«r« 

^-  \ 

\             > 

t 

•    Ot»orvOTiona-  Ncrtrtttrn  M«miapf>«rQ 

\ 
\ 

\ 

V 
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\ 

\ 

\ 

•» 

\ 
\ 

'\ 

\. 

' 

^       '\ 

^          \ 

^           \\ 

'. 

\          \ 

• 

\ 

*, 

' 

\ 

\\ 

\ 

\ 

\  \ 

■\ 

\ 

! 

\   \ 
\         \    \ 

\ 

v 

\        \ 

\ 

^ 

\ 

0" 


10 
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20 


30 


40 


45 
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Via.  5. — Itpproacntatiun  of  tlu-  ol»H«.Tviilionit  l)y  cinpiricnl  roniiuliio.    Thr  m''- — •■■     ire  liclioKritphic  lutittiilr.'),  the 
ordimilui  arc  diiimol  tnotioiui. 
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The  results  of  these  eompiitations  for  the  combined  and  separate  hemispheres  are  shown  graphically  in 
Figure  5.  The  asymiiielry,  with  the  zones  of  the  southern  hemisphere  showing  iiigher  speeds  than  th(! 
respective  zones  of  tlic  noillicrn  hemisphere,  while  hut  slight,  seems  very  consistent.  It  confirms,  at  least 
for  the  period  1903  to  l!)l)8,  the  first  announcements  of  the  1911  observations  by  Hubrecht  at  the  Cambridge 
Observatoiy."  The  later  discussion  by  Hubrecht  of  a  more;  extensive  series  of  plates,  however,  indicates 
that  in  June,  1911,  the  northern  hemisphere  had  the  higher  angular  speed.'*  Ob.servations  by  De  Lury  and 
O'Connor"  for  certain  dates  in  1918  and  1919,  in  agreement  wit h  t  he  present  results,  indicate  higher  velocities 
in  the  southern  hemisphere.  This  is  also  indicated  in  observations  on  the  faculae  by  Chevalier'"  in  the 
years  1905-8. 
14?8 


14.6 


14.4 


14.2 


14.0 


1.3.8 


13.6 


13.4 


13  ?2 


L 

\ 

"^'C-- 

V      ^ 

^ 

."■^^x\ 

'" 

\ 

\             X 

^-^-^ 

1903-04 
1905 
1907 
1908 

\\ 
\\ 

\ 



\ 

\\_ 

\ 

\ 

2°5 


12.5 


17. 5 


22.5 


27.5 


32  5 


37?5 


Fig.  6. — Comparison  of  observations  of  different  year.s.     The  abscissae  are  heliographic  latitudes,  the  ordinates  are 
diurnal  motions. 


If  curves  should  be  drawn  connecting  the  actual  platted  observations  for  each  hemisphere  separately 
and  for  the  combined  hemispheres,  it  would  be  seen  that  they  would  be  sinusoidal  about  the  mean  curves 
derived  from  the  formulae.  While  the  deviations  from  the  mean  curve  are  small,  the  maxima  and  minima 
of  these  sinusoiils  fall  in  the  same  latitudes  in  the  two  hemispheres.  This  may  present  evidence  bearing 
on  the  discontinuity  surfaces  called  for  by  Emden's  solar  theory."  If  the  observations  had  been  grouped 
in  narrower  zones  the  test  of  this  would  have  been  sharper. 

^Transactions  of  the  International  Union  for  Co-operation  in  Solar  Research,  Vol.  IV  (1914).  p.  120,  and  .V..V..  Vol.  LXXIII 
(1912),  p.  24. 

'  Annals  of  the  Solar  Physics  Observatory,  Cambridge.  Vol.  Ill  (191S),  Part  I.  p.  60. 

'  Publications  American  Astronomical  Society,  Vol.  Ill  (1918),  p.  88. 
^'^  Annales  de  VObservatoire  Astronomique  de  Zo-sk,    V  (1911),  85. 
"  R.  Emden,  Gaskugeln;  Hubrecht,  Anrials  of  the  Solar  Physics  Observatory,  Cambridge,  Vol.  Ill  (1915),  Part  I,  p.  69. 
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CHANGE  OF  ROTATION  PERIOD 

Various  investigators  have  discussed  their  observations  with  a  view  of  detecting  change  in  the  rate 
of  solar  rotation.  With  a  purpose  to  ascertain  if  the  present  series  of  oV)scrvations  shows  such  a  change 
from  year  to  year,  the  observations  have  been  grouped  into  four  periods:  1903-4,  1905,  1907,  1908,  and 
separate  means  for  tlic  different  zones  have  been  derived.  Means  were  also  made  for  correspoiuling  latitudes 
of  the  points  and  as  these  mean  latitudes  for  given  zones  are  not  identical  in  the  four  groups,  the  angular 
velocities  have  been  reduced  to  the  center  of  the  zone  by  applying  a  diffcMcntial  correction  obtained  from 
the  general  curve  of  the  combineil  hemisiihcrcs.  The  comparison  of  these  values  is  given  in  Tabic  V  and 
are  platted  in  Figure  6.  Certain  slight  differences  are  apparent:  the  angular  velocities  for  1907  and  1908  are 
higher  than  those  for  the  earlier  years.  It  might  be  remarked,  also,  that  both  1907  and  1908  show  between 
20°  and  30°  an  increa.se  of  angidar  velocity  with  the  heliographic  latitude,  a  characteristic  in  rotation  curves 
which  has  been  cited  by  Hubrecht.  However,  .some  of  the  points  in  the.se  curves  are  determined  by  verj' 
few  obser\'ations  and  unequally  distributed  in  the  two  hemispheres,  and  therefore  it  would  be  injudicious 


TABLE  V 
PiiHNM.  Motions  in  Different  Years 


* 

1903-1      1 

It)05        1 

1907 

1908 

<t> 

1903^ 

1905 

1907 

1908 

2?5 

7.5 

12.5 

17.5 

14?.54     ' 
14..iO 
U.:i2 
14.25 

14?-i2 
14.51 
14.34 
14.28 

1 

14?56 
14. 54 
14.43 
14.42 

14?54 
14.51 
14.41 
14.34 

22?5 

27.5 

32.5 

37.5 

14°13 
14.00 
13.66 
13.21 

14?05 
13.80 
13.67 
13.39 

14?20 
14.27 
14.09 
13.90 

14?17 
14.09 
14.17 

to  put  too  great  reliance  on  their  indications  for  a  particular  zone  because  the  differences  may  be  fortuitous. 
All  four  curves  agree  in  showing  positive  deviations  from  smooth  curves  in  latitude  17?5.  The  curves 
were  examined  to  see  if  there  might  be  a  progressive  movement  of  these  humps,  perhaps  following  the 
zone  of  maximum  spottedness.  There  is  no  indication  that  this  is  the  case.  Here  again  grouping  in 
narrower  zones  might  have  been  advantageous.  The  higher  values  for  1907  and  1908,  comparcil  with 
1903-4  and  1905,  seem  consistent  for  all  latitudes  above  7?5  and  may  represent  a  reality. 


DIFFERENTIAL  MOTION  OF  THE  FLOCCULI 

The  methods  of  ob,servation  which  are  based  on  the  measurement  of  positions  of  features  on  the 
solar  disk  have  this  advantage  over  the  spectroscopic  method,  that  they  afford  a  possibility  of  grouping  the 
features  according  to  character  and,  in  the  ca.se  of  faculae  and  flocculi,  according  to  their  location  relative 
to  the  spots  for  the  determination  of  the  rotation  periods  in  various  classifications. 

In  this  series  of  observations  such  groupings  have  been  made  with  the  view  of  detecting  any  syste- 
matic motions  about  the  spots.  First  the  test  was  made  in  two  zones  having  large  numbers  of  measured 
points:  zones  +10°  to  +15°  and  —15°  to  —20°.  The  points  were  grouped  under  the  following  cla.s.sifica- 
tions:  (1)  isolated  flocculi;  (2)  flocculus  groups;  (3)  accortling  to  tiic  following  jMJsition  about  uni-polar 
spots — preceding  (/>),  jioleward-preceding  iPp),  poleward  (P),  iioleward-following  {Pf),  following  (/), 
equatorward-following  (/i/),  e<|ualorward  (A'),  eciualorward-prcce.ling  (A'/O;  (•!)  according  to  the.se  same 
IKJsitions  about  tiie  members  of  i)i-polar  spots,  adding  three  classes,  namely,  between  (b),  between- 
IKjIeward  (6P),  and  Ix'tween-equatonvard  (bE),  for  those  points  midway  between  the  members.  The  tlis- 
tancG  (rf)  of  each  flocculus  froni  the  spot  with  which  it  is  associated,  estimated  in  heliographic  degrees, 
was  also  noted. 
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By  taking  single  zones  fl)<>ro  woro  too  few  points  !ivuilii})ic'  in  tlic  many  classifications  for  the  deriva- 
tion of  trustwortiiy  means.  lOafli  zone,  ho\vev(>r,  showed  tiiat  the  fiocculi  unas.sociated  with  spots  gave 
the  same  diurnal  angular  motion  as  the  mean  of  ail  points  and  it  is  therefore  warrantable  to  say  that,  while 
there  may  be  systematic  motions  about  the  sun-s|)ots,  thetspots  do  not  drag  their  associated  flocculi  with 
speeds  accelerated  or  retarded  from  the  mean  for  all  the  measured  points  of  the  zone. 

When  it  had  been  established  that  the  velocity  of  the  flocculi  about  spot  groups  in  the  average  did 
not  differ  from  the  general  average,  i(  was  justifiable  to  treat  them  separately.  Neglecting  then  those 
flocculi  not  associated  with  spots,  all  others  wer(>  grouped,  irrespective  of  heliographic  latitude,  into  the 
classifications  about  single  and  bi-jiolar  spots,  used  above  for  the  single  zones.  Naturally  it  was  not  per- 
missible to  use  the  diuiiial  motions  directly  because  points  of  widely  different  latitude  were  grouped  together 
and  the  means  would  not  have  been  comparable.  From  the  general  curves  of  diurnal  motions.  Figure  5, 
the  average  diurnal  motion  (^)  for  any  latitude  could  be  taken  directly.  The  diurnal  motion  of  each  floccu- 
lus entering  into  this  discussion  was  compared  with  the  value  for  its  latitude  taken  from  the  curves  and  the 
differential  motions  (A^)  thus  found,  whether  in  excess  (  +  )  or  defect  (-),  were  recorded  and  combined  to 
form  the  means  in  the  different  classifications,  given  in  Tables  VI  to  XII.  It  was  found  that  more  sym- 
metrical representation  could  be  obtained  in  the  two  hemispheres  by  using  the  general  values  of  |  from 

TABLE  VI* 


Class 

P 

PP 

P 

Pf 

/ 

Ef 

E 

Ep 


Number 


50 
23 

34 
53 


71 
49 

31 

24 


A{ 


+0?041 
+0.155 

+0.056 
+0.030 


-0.067 
-0.085 

-0.064 
+0.020 


3?S 
3.4 

3.0 
4.8 


5.0 
4.8 

3.5 

4.2 


dA{  sin  a 


IdA{  sin  a] 


0?000 
+0.372 

+0.168 
+0.102 


+0?642 


0.000 

-0.288 

-0.224 
+0.060 


-0.452 


Direction  of  Wlilrl 


+  1?094 
anti-cyclonic 


*  Summary  of  differential  motions  of  the  flocculi  associated  with  single  spots.     Both  hemisphere.s  are 
combined  but  each  {  is  referred  to  the  {-curve  of  its  own  hemisphere  to  obtain  its  ^. 


the  curves  of  the  respective  hemispheres.  In  eveiy  case  therefore  the  values  of  A^  entering  in  the  tables 
just  mentioned  were  obtained  by  subtracting  from  the  individual  diurnal  motion  the  value  for  its  helio- 
graphic latitude  taken  from  the  curve  of  its  hemisphere.  The  values  of  A$  about  the  spots,  then,  are  not 
differential  motions  with  respect  to  the  spot  in  the  sense  of  being  referred  to  the  motion  of  the  spots,  but 
are  motions  relative  to  means  of  diurnal  motions  of  the  flocculi.  This  practice  of  treating  the  flocculi 
about  spots  separately  and  referring  them  to  the  motion  of  the  flocculi  in  general  is  further  justified  when 
it  is  found  that  for  the  653  points  considered  the  average  A^  has  the  small  value  —  0?015. 

The  data  are  divided  into  two  general  groups,  that  for  flocculi  about  single,  uni-polar,  spots  and  that 
for  flocculi  about  bi-polar  spots.  Only  the  summaries  are  given  in  the  tables.  It  is  not  thought  necessary 
to  give  the  individual  results.  The  tables  have  quite  similar  form.  In  each  is  given  the  number  of  points 
in  each  classification  (and  in  some  cases  they  are  too  few  to  give  reliable  means  considering  the  rather  erratic 
individual  results),  the  mean  differential  motion  (A^),  and  mean  distance  (d). 

In  Table  VI  is  presented  the  summary  for  the  combined  hemispheres  of  the  values  of  A^  for  all 
flocculi  associated  with  single  spots.  The  values  of  Af  from  this  table  with  corresponding  d  are  platted  in 
Figure  7.  A  general  rotary  motion  is  indicated  and  its  direction  is  opposite  in  sense  to  the  rotation  of  the 
Sun  on  its  axis  and  is  therefore  termed  anti-cyclonic.  If  this  is  a  true  whirl  the  velocity  for  any  classifica- 
tion would  var>'  directly  as  the  distance  from  the  center  of  the  vortex.  It  is  sought  to  bring  these  results 
into  form  more  directly  comparable  by  deriving  from  the  differential  motions  in  heliographic  longitude 
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the  components  tangential  to  the  vortex  and  reduced  to  unit  distance.  The.se  moments  are  given  in  the 
columns  headed  rfA^sina.  The  angle  a  is  the  angle  measured  from  the  parallel  of  latitude.  It  is  of 
course  recognized  that  for  completeness  the  differential  motions  in  heliographic  latitude  should  have  been 
derived  and  included  in  the  discuasion.  AJsina  is  the  projection  of  but  one  component  of  the  differential 
motion.  If  the  sum  of  the  values  of  dA^  sin  o  on  the  equatorial  side  be  subtracted  from  that  on  the  pole- 
ward side  the  difference  will  be  an  indication  of  the  degree  of  the  whirl,  the  moment  of  the  aggregated  pair, 
and  its  sign  will  indicate  the  direction,  according  to  conventions  here  used,  cyclonic  if  negative  and  anti- 
cj'clonic  if  positive.     The  figures  in  Table  VI  indicate  anti-cyclonic  motion  unmistakably. 
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Fig.  7. — Differential  motions  in  heliographic  longitude  about  single  spots.  The  mean  distances  of  the  points  from  the 
spots  and  amount  of  the  motions  are  gruphicHlly  represente<l.  The  numbers  indicate  the  number  of  jioints  from  which  the 
motions  were  derived. 

TABLE  VII* 


NOBTBEBN  HbUISPHERE 

SoDTBERX  Hemisphere 

Class 

1 

v<             A{              ,i        rfAtslna    IdAisinol 

1 

Dirt>ction  of 
Whirl 

No. 

i{ 

d 

dA(sina 

[dA(slna| 

Direction  of 
Wliirl 

73 

20 
8 

19 

—  OMHIT       H°l          ()°(HHI 

•  n  397 
:iiiti  cyclonic 

30 
15 

15 
21 

+0?134 
+0.192 

+0.083 
+0.146 

4?3 
3.7 

2.9 
4.9 

0?000 
+0.500 

+0.241 
+0.505 

+  1?246 

Pp 

P 

I'f 

+O.OSG 

+0.035 
-0.045 

1.1 

3.2 

4.7 

+0.10-J 

+0.112 
-0.149 

+0?125 

+  1?403 

>Bi::::::- 

E 

Ey 

42 
38 

-0.151 
-0.104 

-0  ()S4 
+0.037  1 

3.3 
4.9 

3.3 
4.4 

0.000 
-0.360 

-0.277 
+0.115 

-0..V22 

29 
11 

12 
15 

+0.054 
-0.021 

-0.033 
+0.010 

5.6 
4.3 

3.7 
4.1 

0.000 
-0.064 

-0.122 
+0.029 

-0.157 

anti-ryclonic 

•  Summary  of  differeDtlal  motions  of  the  floccull  about  single  spots,  grouped  according  to  hemlspbere. 


The  question  might  l)e  rai.sed  as  to  the  suitability  of  combining  values  for  the  two  hemispheres. 
The  ol)servationB  were  thus  combined  to  furnish  more  ob.servations  and  provide  more  trustworthy  means. 
In  Table  VII  the  same  ob.servations  are  grouped  according  to  hemisphere.  The  juslifical  ion  for  the  combina- 
tion in  Table  VI  is  apparent,  for  the  individual  hemispheres  reveal  similar  anti-cyclonic  motions. 

tJroupings  of  points  similar  t<i  (ho.sc  just  consiilered  for  single  spots  ai-e  given  for  i)i-polar  spots  in 
tables  VIII  and  IX.  The  results  ftjr  the  combination  of  all  observations,  Tai)le  \"III,  and  Figure  8,  show 
two  things:  first,  that  the  flocculi  about  the  two  principal  members  of  the  bi-polar  grouj)  are  .separating, 
those  aljout  the  leader  are  forging  ahead  and  those  about  the  trailer  are  lagging  behind,  and  second,  that 
the  motion  alKuit  the  leader  is  cyclonic  and  about  the  trailer,  anii-cycloiiir.     When  the  ob.st>rvat ions  arc 
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separated  in  lu'iiiispheres,  Tal)li'  IX,  llic  first  fad  i.s  anaiii  envisaged  and  again  for  tii(;  leading  .spot  the 
cyclonic  motion  is  indicatetl,  hut  for  the  southern  solar  hemisphere  the  sense  of  motion  about  the  following 
spot  does  not  agree  with  the  combined  result. 

The  observations  at  Mt.  WiLson'-  on  the  magnetic  jjoiarity  of  sun-spots  have  indicated  the  existence 
of  magnetic  fields  in  sun-spots  and,  further,  have  indicated  similar  polarity  for  single  spots  and  for  the 
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Fio.  8. — Differential  motions  in  longitmle  about  lji-i)olar  .sjiots.     The  numbers  indicate  the  number  of  siwt-s  from 
which  the  mean  distances  (rf)  and  mean  motions  (^$)  were  derived. 

TABLE  VIII* 


Preceding  Spot 

Following  Spot 

Class 

No. 

A{ 

d 

rfAf  sin  a 

IrfAJsina] 

Direction  of 
Whirl 

No. 

iif 

d 

dA{  sin  a 

kdfsinaj 

Direction  of 
Whirl 

■0 

27 
10 

19 
15 

+0?332 
+0.166 

-0.003 
-0.0.54 

3?0 
3.4 

3.1 
4.3 

0?000 
+0.398 

-0.009 
-0.164 

+0?225 

-0?78() 
cyclonic 

9 

8 

19 
19 

+0?191 
+0.030 

-0.246 
-0.041 

1?2 
3.0 

3.8 
4.4 

0?000 
+0.063 

-0.936 
-0,127 

-1?000 

Pv 

P 

PS 

+0?360 
anti-cyclonic 

/ 

4 
11 

23 
10 

+0.0.50 
+0.1.52 

+0.073 
+0.174 

1.5 
3.5 

2.8 
3.5 

0.000 
+0.375 

+0.205 
+0.430 

+  1.005 

27 
17 

34 
11 

-O.H)4 
-0.142 

-0.145 
-0.2.55 

3.6 
4.1 

3.2 

2.7 

0  000 
-0.411 

-0.464 
-0.485 

-1.360 

ES 

E 

Ev 

Between 

6 

10 
32 
13 

+0.162 
+0.138 
-0.114 

hP 

hE 

*  Summary  of  differential  motions  of  the  flocculi  about  bi-polar  spots.     Combined  hemispheres. 


leading  spot  of  bi-polar  groups.  If  this  magnetic  field  is  explained  by  the  supposition  of  a  hydro-dynamical 
vortex,  then  the  polarities  observetl  would  indicate  rotation  in  the  same  direction  for  the.se  types  of  spots  if 
the  electric  charge  carried  by  the  material  is  of  like  sign.  The  indication  of  anti-cyclonic  motion  about 
single  spots  and  cyclonic  about  the  leader  of  bi-polar  groups  is  then  somewhat  unexpected  unless  we  had 
foreseen  the  likelihood  of  charges  of  unlike  sign.  If  we  accept  the  Mt.  Wilson  polarity  observations  and  if 
the  results  of  the  present  discussion  showing  opposite  direction  of  whirl  truly  represent  the  motions  in  the 

"Conlribulions  Ml.  Wilson  Observatory,  No.  165.  1919;  Astrophyeical  Journal.  Vol.  XLIX  (1919),  p.  153. 
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vortices,  then  we  must  coneliuie  that  the  ])redoininant  charges  carried   in  tlie  vortices  of  single  spots 
and  leaders  of  bi-polars  are  of  opposite  sign.     This  may  have  unportant  bearing  on  the  law  of  spot 


TABLE  IX* 


Northern  Hbmihfhehe 

Southern  Hemisphere 

Class 

Preceding  Spot 

Preceding  Spot 

No. 

M 

d 

d^sina 

|dA{  sin  a] 

Direction  of 
Whirl 

No. 

Af 

d 

dAC  sin  a 

IdA{  Sinai 

Direction  of 
Whirl 

■n     

15 
7 

8 
6 

+0?414 
+0  255 

+0.268 
+0.005 

2?9 
3.4 

3.1 
4.0 

0?000 
+0.610 

+0.81S 
+0.014 

12 
3 

11 
9 

+0?228 
-0.043 

-0.199 
-0.093 

3?1 
3.3 

3.1 
4.4 

0?000 
-0.100 

-0.617 
-0.289 

-1?006 

PP 

p 

Pf 

+  1?442 

-0?067 
cyclonic 

-1?297 
cyclonic 

/ 

1 
4 

14 

7 

+0.260 
+0.330 

+0  091 
+0.234' 

1.0 

2.8 

2  9 
3.0 

0.000 
+0.650 

+0.264 
+0.595 

+  1.509 

3 

7 

9 
3 

-0.020 
+0.050 

+0.i)45 
+0.010 

1.7 
4.0 

2.8 
3.3 

0.000 
+0.142 

+0.126 
+0.023 

+0.291 

Ef 

E 

Ep 

Following  Spot 

Following  Spot 

n 

5 
2 

0 
10 

+0  216 
+0.245 

+0.025 
-0.026 

1.4 
2.5 

4.8 
4.5 

0.000 
+0.432 

+0.120 
-0.082 

+0.470 

+2.033 
anti-cyclonic 

4 
G 

13 

+0.160 
-0.042 

-0  371 
-0.0.58 

1.0 
3.2 

3.4 
4.3 

0.000 
-0.095 

-1.260 
-0.176 

-1.531 

pp 

/• 

/'/ 

-0.703 
cyclonic 

/ 

12 
6 

19 
9 

-0.221 
-0.225 

-0.035 
-0.362 

4.2 

4.8 

3.2 
2.7 

0  000 
-0.760 

-0.112 
-0.691 

-1.563 

15 
11 

15 
2 

-0.114 
-0.097 

-0.285 
+0.220 

3  2 
3.7 

3.3 
3.0 

0.000 
-0.253 

-0.940 
+0.465 

-0.728 

Ef 

E 

Ep 

Between 

Between 

6 

5 

14 

6 

+0.320                              ' 

5 

18 
7 

+0.004 
+0.184 
-0.274 

Si::::::: 

+0.078 
+0.073 

•  Summary  of  differential  motions  of  the  (loccull  about  l)i-pola'r  spots  grouped  according  to  licmisphcre. 

■|\m.i':  X* 


Ueuooraphic  Latitooe>12'' 

Heliocirai'hic  Latitude<12° 

Class 

No. 

At 

d 

dAt&ina 

jdAt  sin  cj 

Direction  of 
Whirl 

No. 

At 

d 

•IM  sin  a 

|(/A(  sin  a) 

Direction  of 
Whirl 

D 

36 
11 

24 
35 

+0?061 
+0  315 

-0  021 
+0  094 

3?5 
3  0 

3  1 
4.7 

0?000 
+0  666 

-0.065 
+0.313 

+0?914 

+0?747 
anti-cyclonic 

14 
12 

10 
18 

-0?009 
+0.007 

+0.242 
-0.095 

4?4 
3.7 

2.9 
4.9 

0?000 
+0.018 

+0.700 
-0.329 

+0?389 

Pp 

P 

Pf 

+2?612 
anti-cyclonic 

/  

43 

28 

21 

-O.aTJ 
-0  041 

+0.016 

■■  '.s.-t 

5  1 
4.6 

3.4 
4.2 

0  000 
-0.133 

+0.054 
+0.246 

+0  167 

28 
21 

10 
4 

-0  120 
-0.145 

-0.232 
-0.298 

5.0 

4.9 

3  6 
4.2 

0.000 
-0.500 

-0.835 
-0.888 

-2.223 

^Ef ::.:... 

K 

Ep 

*  Humiii^o  'jf  'lilforontial  motions  of  the  flocculi  about  singk-  Ni>uts  grouped  according  to  latitude  of  the  ansociated  spots. 


development.  It  must,  however,  l)e  ix)rne  in  mind  that  so  far  as  the  present  observations  are  concerned 
wc  are  denliiiK  with  average  motions  and,  morfovcr,  that  we  are  dcaliiitj  in  motitins  at  an  averajie  tlistance 
from  the  center  <»f  the  s|M(lh  tif  alxiut  ir  while  the  s|)cctn)scopic  ob.scrvatiDiis  are  clo.ser  to  the  umiirae. 
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In  the  paper  just  cited  it  was  also  noted  that  tluiing  the  progress  of  the  sun-spot  cycle  the  magnetic 
polarity  of  the  spots  reversed  sign.  The  authors  concluded  that  this  change  was  probably  not  dependent 
on  the  latitude  of  the  spots  as  earlier  had  been  suggested"  but  dependent  on  the  stage  of  the  cycle.  To 
test  this,  the  points  were  again  regrouped,  putting  tho.se  flocculi  about  spots  with  heliographic  latitude 
greater  than  12°  in  one  group  and  tho.so  about  spots  ckxser  to  the  equator  in  anotiicr.  Tlic  dividing  line 
of  latitude  12°  was  chosen  arbitrarily  but  gave  roughly  equal  numbers  of  points  on  either  sitlc.  For  single 
spots.  Table  X,  the  anti-fvclonic  character  holds  in  both  groups  though  it  is  much  more  i)ronounce(l  in  low 
latitudes.     For  the  bi-polar  spots,  Table  XI,  the  cyclonic  sense  for  the  leader  and  anti-cyclonic  for  the 


TABLE  XI* 


Class 


■p. 
Pp 

P  . 

Pf. 

/■■ 
Ef. 

E. 
Ep 

p.. 
Pp 

P  . 
Pf- 

/■• 
Ef. 

E. 
Ep 

6.. 
bP. 
bE. 


Heliooraphic  Latitude>12° 


Preceding  Spot 


No. 


Af 


+0?372 
+0.101 

-0.10.5 
-0.002 


-0.020 
-0.02S 

+0.049 
+0.069 


2?8 
3.2 

3.1 
4.4 


1.7 
4.0 

2.5 
4.0 


dAt,  sin  d 


0?000 
+0.228 

-0.325 
-0.006 


0  000 
-0.079 

+0.122 
+0.195 


|d^(  sin  a] 


-0?103 


+0.23S 


Direction  of 
Wliirl 


-0?341 
cyclonic 


Following  Spot 


19 
6 

23 
6 


+0.350 

1.2 

0.000 

+0.142 

2.6 

+0.260 

-0.598 

-0.295 

3.2 

-0.943 

+0.031 

3.9 

+0.085 

-0.123 

3.3 

0.000 

-0.033 

3.5 

-0.081 

-1.022 

-0.163 

3.0 

-0.489 

-0.278 

2.3 

-0.452 

+0.424 
anti-cyclonic 


Between 


4 

+0.160 

19 

+0.272 

7 

-0.289 

HeLIOORAPBIC    LATITt;DE<12° 


Preceding  Spot 


No. 


11 

4 

7 
6 


1 

7 

12 
3 


<i{ 


+0?275 
+0.262 

+0.173 
-0.133 


+0.260 
+0.2.54 

+0.095 
+0.397 


3?3 
3.8 

3.1 
4.0 


1.0 
3.3 

3.1 
2.3 


UA(  sin  a 


OfOOO 
+0.640 

+0..537 
-0.373 


0.000 
+0.592 

+0.295 
+0.644 


I<jA(  sin  a] 


+0?804 


+  1.531 


Direction  of 
Whirl 


-0?727 
cyclonic 


Following  Spot 

4 

-0.007 

1.2 

0.000 

3 

-0.157 

3  7 

-0.410 

-1.518 

6 

-0.140 

5.3 

-0.741 

10 

-0.106 

4.9 

-0.367 

8 

-0.261 

4.2 

0.000 

11 

-0.202 

4.4 

-0.626 

-1  .531 

11 

-0.107 

3.6 

-0.385 

o 

-0.230 

3.2 

-0.520 

-hO  013 
anti-cyclonic 


Between 


6 

13 

6 


+0.163 
-0.058 
+0.090 


*  Summary  of  dimTial  motions  of  the  flocculi  about  bi-polar  spots,  grouped  according  to  latitude  of  the  associated  spots. 

trailer  is  apparent  in  Ijoth  groups,  and  just  as  the  anti-cyclonic  character  is  enhanced  in  low  latitudes  for 
single  spots,  so  for  the  leader  of  the  bi-polar  the  cyclonic  character  is  emphasized.  The  increase  in  the 
factor  of  cyclonic  indication,  i.e.,  the  moment  of  the  pair,  for  the  leader  is  accompanied  by  decrease  of 
indication  of  anti-cyclonic  sense  of  the  following  member.  It  would  seem  then  that  there  is  some  con- 
nection between  spot  latitude  and  the  character  of  motion. 

The  points  about  single  spots  were  again  regrouped,  combining  both  hemispheres,  but  dividing  them 
according  to  time.  The  observations  of  1903-4-5  were  In  one  group,  those  for  1907-8  in  the  other.  The 
dividing  line  fell  between  flocculi  Nos.  2212  and  2213.     The  results  are  given  in  Table  XII.     The  indication 


"Contributions  Mt.   Wilson  Observatory,  NO.  10;    Aslrophusical  Journal.  Vol.  XXV  (1906).  p.  61. 
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is  almost  identical  with  iliai  fruiii  TahU'  X  in  which  latitude  12  \\a>  the  dividing  line  irrespective  of 
time.  Anti-cyclonic  motion  is  shown  and  is  more  pronounced  for  the  later  dates.  Inasmuch  as  the  zone 
of  maximum  spottedness  drifts  toward  the  equator  during  the  progress  of  the  cycle  the  majority  of  points 
for  the  earlier  dates  correspond  with  the  majority  for  the  group  in  latitude  greater  than  12°,  and  for  the 

TABLE  Xll* 


11103-04-05 

1907-08 

Claw 

No. 

^                       .(At  sin  a 

\d^  sin  al 

Direction  of 
Whirl 

No. 

A{ 

d 

(/A{slna 

\d^i  sin  a| 

Direction  of 
Whirl 

p 

pf 

-0?006      3?0 
-0  402      2.8 

"  "J!       SO 

0?000 
+0,798 

-0.063 
+0.065 

+0?800 

+0?944 
anti-cyclonic 

27 

18 

19 

18 

+0?071 
+0.087 

+0.117 
+0.044 

4?5 
3.6 

3.1 

5.8 

0?000 
+0.321 

+0,363 
+0,180 

+0?764 

+  1?695 
anti-cyclonic 

E 

Ep 

31 

17 
17 

-11  .11..     1  ;      0.000 

-O.i:;.'      1  ^    -0.447 

+0.0411     :;  .-,    +0.140 
+0.0.-'       ;  "     -0  163 

-0.144 

47 
18 

14 
7 

dd     dd 
+  1        II 

5.5 

4.7 

3,4 
5.0 

0.000 
-0.013 

-0.650 
-0.268 

-0.931 

*  Summary  ofdiili  ilium i  unXKHisof  the  llocculi  about  single  spots,  grouped  according  to  date. 


later  ilates  to  flocculi  in  the  giouji  of  latitude  less  than  12°.  In  the  two  UR'tlunls  of  soi)aration  there  would 
l>e  about  the  same  amount  of  overlapping.  There  maj'  be  doubt  as  to  the  reality  of  the  suggested  modifica- 
tion of  the  rotation  about  the  spots,  but,  even  if  real,  it  is  impossible  in  these  observations  to  discriminate 
between  the  roles  which  simple  distribution  in  latitude  or  stage  in  the  sun-spot  cycle  play  in  bringing  about 
the  change. 


COMPARISON  WITH  OTllKH  OBSKHVERS 


In  comparing  these  observations  with  those  of  other  observers  the  results  of  the  combined  hemi- 
spheres are  used.  Adams'*  and  Keinpf'^  have  recently  made  comparisons  of  different  determinations  of  the 
solar  rotation  and  included  the  provisional  results  of  tiiis  Runifortl  spectroiieliographie  determination. 
The  present  results  should  replace  the  values  which  they  used.  To  the  comparison  made  by  Adams  are 
added  results  from  observations  on  sun-spots  by  Tisscrand'*;  on  the  faculae  by  Chevalier";  on  the  calcium 
flocculi  by  Kempf'^;  and  bj-  the  spectrographic  method  by  Schle.singer'" ;  by  the  Ottawa  observers" — J.  8. 
Plaskett,  H.  H.  Pla.«kett,  and  DeLur>';  by  Storey  and  Wilson™;  by  Evershed  and  Royds-';  and  by 
Hubrecht.'^  Though  Hubrecht  maintains^  that  it  is  impossible  to  apply  Faye's  law  for  a  strict  representa- 
tion  of  the  obsen'ations   l>ecause   he   finds   "large  and   comparatively  i>ersistent    deviations  from   such 

>* /'u6/i<-a/ian«  o/fAr  f'arnfyir  InttUution  o/  Wa»hiiigtoit^  No.  I*i8  (MUD.  p.  IIS. 

^  fvbUfativnt  of  the  Aatrophyaical  Obterralory  at  Pot»dam,  No,  71  (lOltl),  p.  30, 

-Compti,  Rtndui.  Vol    LXXXII  M870).  p.  765, 

"  Annat**  de  I'Obtrrtatotre  A§lronomigue  df  Z6-»i,  V  (1011).  86. 

>»  PiiitieatiOKt  of  tkt  Allti/keny  Obarrwatory,  Vol.  Ill  (1014),  p.  117. 

••  .4<(r<ipAvalra(  Journal,  Vol,  XMI  (lOlfi),  p,  302. 

^  iloHlkly  Sottrrt  »/ /Ar  Royal  A  atronomiral  Sarirly,  Vol.  I..\XI  (101  I),  p.  OK-'i 

N/6X/,  Vol.  LXXIII  (1013).  p.  Ml. 

"AHOalt  o/tkt  Solar  I'liyirt  tlharrtatary.  CtuaUrMgr,  Vol    III    Turl  I  (lOLM.  p.  7.'i. 
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average  laws,"  coustaiits  have  been  computed  for  the  Faye  formula,  using  the  observations  given  in  Table 
XXVI  of  his  paper.     The  formulae  used  in  determining  the  values  given  in  Table  XIII  are  as  follows: 

Dmic'T 4=10?60+4?21  CO.S2  0 

Halm {=12.03+2.50  cos2  0 

Adam.s {=  11 .04+3.50  cos' (^ 

Schlesinger {=  10  77+3.4    co-s^  </> 

Ottawa  Observers {=10.53+3.71  cos' <^ 

Storey  and  Wilson {=11.55+3.2    cos' <^ 

Hubrecht {  =  10. 19+3  02  cos' <^ 

Adams//a {  =  13.6  +1.4    co.s' <^ 

Adams  X  4227 {  =  12.5  +2.4    cos' <^ 

Carriiigton {=  14.42-2.75  siiii  0 

Spoerer {=  8.55+5.80  cos  <^ 

Tisserand ?  =  11. 52+2. 80  cos' <^ 

Maunder {=  12.43+2.01  ccs' <^ 

Chevalier ?=  12. 20+2. 67  cos' 0 

Kempf ?=  12.37+2.06  cos' 0 

Fox {=11.58+2.98  cos' 0 

A  comparison  of  the  present  determination  with  the  other  values  from  the  observation.s  of  calcium 
fiocculi  shows  closer  agreement  with  the  first  determination  so  made  using  the  Kenwood  spectroheliograms 
than  with  the  later  observations  made  at  Mount  Wilson  and  at  Potsdam.  The  internal  agreement  of 
these  four  series  of  determinations  is  considerably  closer  than  that  among  the  spectroscopic  observers. 


TABLE  XIU* 


Spectroscopic  Observations 

<t> 

Duner 

Halm 

.\dams 

Schlesinger 

Ottawa 
Observers 

Storey  and 
Wilson 

Hubrecht 

Evershed 
and  Royds 

Mean 

Adams 

Ha 

Adams 
X4227 

0°.. 
5  .  . 

14?S1 
14.78 
14.68 
14.53 
14.32 
14.06 
13.76 
13.42 
13.07 
12 .  70 

14?53 
14.50 
14.46 
14.37 
14.24 
14.09 
13.90 
13.70 
13.50 
13.28 

14?54 
14.51 
14.43 
14.31 
14.13 
13.91 
13.67 
13.39 
13.09 
12.79 

14?17 
14.14 
14.07 
13.94 
13.77 
13.56 
13.32 
13.05 
12.76 
12.47 

14?24 
14.21 
14.13 
13.99 
13.81 
13.58 
13.31 
13.02 
12.71 
12.38 

14?75 
14.73 
14.65 
14.54 
14. 38 
14.18 
13.95 
13.70 
13.43 
13.15 

13?21 
13.19 
13.12 
13.01 
12.86 
12.67 
12.45 
12.21 
11.96 
11.70 

13?77 

14?25 
14.29 
14.22 
14.10 
13.93 
13.72 
13.48 
13.21 
12.93 
12.64 

15?00 
14.99 
14.96 
14.91 
14.84 
14.75 
14.65 
14.54 
14.42 
14.30 

14?90 
14  88 

10  .. 

14  83 

15  .. 

14  74 

20  .. 

14  62 

25  .. 

14  47 

30  .. 

14  30 

35  .. 

14  11 

40  .  . 

13  91 

45  .. 

13  70 

Sun-Spots 

Faculae 

Calcium  PtoccnLi 

Carrington 

Spoerer 

Tisserand  t 

Maunder 

Mean 

Stratonoff 

Chevalier 

Mean 

Hale  and 
Fox 

Hale 

Kempf 

Pox 

Mean 

0°..  . 

5  ... 
10  ... 
15  ... 
20  ... 
25  .  .  . 
30  .  .  . 
35  .  . . 

14?42 
14.38 
14.29 
14.16 
14.00 
13.81 
13.60 
13.38 

14?35 
14.32 
14.26 
14.15 
14  00 
13  80 
13, '57 
13.30 

14?.32 
14  30 
14.24 
14  13 
13.99 
13.82 
13.62 
13.40 

14?44 
14.43 
14.38 
14.30 
14.19 
14.06 
13.91 
13.74 

14?38 
14.36 
14.29 
14.19 
14.04 
13.87 
13.68 
13.45 

14?62 
14.61 
14.46 
14.24 
14.18 
14.14 
13.84 

14?47 
14  46 
14.41 
14.32 
14.21 
14.07 
13.91 

14?54 
14.53 
14.43 

14.28 
14.20 
14.11 
13.88 

14?70 
14.59 
14.44 
14.30 
14.17 
14.02 
13.83 

14?42 
14.38 
14.32 
14.28 
14.27 
14.17 
13.98 
14.04 
13.92 

14?43 
14.41 
14. 37 
14.29 
14.19 
14  06 
13  92 
13  75 
13.58 
13.40 

14?56 
14.54 
14.47 
14.36 
14.21 
14.03 
13.82 
13.58 
13.33 
13.07 

14?.53 
14.48 
14.40 
14.31 
14.21 
14.07 
13.89 
13  79 

40 



13  61 

45  . .  . 



13  23 



*  Comparison  of  results  for  solar  rotation  from  various  methods  of  observation. 

t  The  observations  by  TLsserand  were  inadvertently  omitted  from  the  Brst  draft  of  Table  XIII,  from  which  the  figures  were  taken 
to  prepare  Fig.  9.  Their  inclusion  lowered  the  mean  values  for  the  angular  motion  from  sun-spot  observations  consistently  by  about  0?02 ; 
a  quantity  scarcely  appreciable  in  the  diagram. 
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Publications  of  the  YerkesObservatory 


The  means  from  the  determinations  In  tlie  different  methods  are  platted  in  Figure  9.  The  curves 
for  the  sun-spots,  faculac,  floccuU,  and  reversing  layer  are  approximately  parallel,  but  there  are  well-defined 
demarcations  between  them.     The  flocculi  and  faculac  give  velocities  which  are  practically  identical  anil 
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Fig.  9. — Comparinon  of  the  meanx  of  olmcrvatioiv*  by  the  various  observing  methods.    The  absouiiae  are  helioRraphic 
latitudcfi,  the  onlinatCH  are  Nidoroal  iliurnal  inotioiLs. 


higher  tiian  thow  for  the  .sun-spots  and  reversing  layer.  The  reversing  layer  gives  (he  lowest  values,  with 
the  spota  intermediate.  Adams'  spectroscopic  observations  for  X  4227  and  Ha  give  velocities  considerably 
higher.  The  velocities,  then,  derived  by  the  different  methods  of  observations  show  a  regular  iirogre!<sioii 
which  conffirin.'i  with  mir  idea  of  the  Hucce.«si(iii  nf  levels  in  (he  .solar  at mos|)iu're  in  which  the  various  types 
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of  observations  were  made,  the  higher  levels  giving  the  more  rapid  motions.  Adams  states  the  relation  in 
these  words:  "These  results  are  all  satisfied  by  a  law  of  increase  of  angular  velocity  and  decrease  of  equa- 
torial acceleration  with  increasing  altitude  above  the  Sun's  surface."  As  between  the  mean  of  the  spectro- 
scopic observations  and  the  present  series  of  ob.servations  on  the  flocculi  the  "docrea.se  of  ctiuatorial 
acceleration  "  does  not  seem  to  hold.  The  reversing  layer  is  the  lowest  stratum  and  shows  lowest  velocities. 
The  faculae  and  flocculi  are  probably  elevated  high  in  the  general  stratum  of  the  reversing  layer,  the  spots 
being  depressions  in  these  elevated  areas.  The  hydrogen  which  rises  high  in  the  solar  atmosphere  gives 
the  highest  velocities  yet  observed.  Though  we  know  that  calcium  rises  high  in  the  solar  atmosphere  and 
therefore  the  line  X  4227  should  give,  on  this  interpretation,  high  velocities,  it  is  not  clear  why  the  velocities 
should  be  higher  than  those  derived  for  the  calcium  flocculi.  However,  a  similar  discrepancy  is  found 
between  the  hydrogen  flocculi,  for  which  Hale  finds  the  value,  ^=  14?6  at  the  efiuator,  and  th(;  Ha  line,  for 
which  Adams  finds  15?0.  It  may  of  course  be  that  the  absorption  producing  the  lines  Ha  and  \  4227  at 
the  limb  takes  place  in  a  higher  level  than  that  in  which  lie  the  flocculi,  or  that  the  velocities  of  the  flocculi 
are  somewhat  vestigial  of  the  lower  levels  from  which  they  sprang. 


ADDENDUM  I 

AREAS  OF  THE  FLOCCULI 

All  idea  of  the  distrihution  of  the  floeculi  can  be  deduced  by  estimating  the  area  covered  by  flocculi 
in  the  different  zones.  In  the  method  of  measurement  used  in  the  solar  rotation  where  the  plates  are  pro- 
jected on  a  globe  with  meridians  and  parallels  ruled  upon  it,  it  is  a  fairly  simple  matter  to  determine  the 
area  of  the  flocculi  by  counting  the  square  degrees  covered  by  them.  These  counts  were  made  in  spherical 
quadrilaterals  of  ten  degrees  on  a  side.  The  measures  were  confined  to  an  area  within  40°  of  the  central 
meridian  and  50°  of  the  equator.     A  sample  of  the  record  is  given  in  the  following  table : 


TABLE  XIV 
Area  C'^i  i;i  u  uy  Flocculi.    Sample  Record  op  One  Plate,  No.  580 


» 

LONOITUDB 

Latitcoe 

Kiist  of  Central  Meridian 

West  of  Central  Meridian 

Total  i» 

ZoN£ 

-40°  to -SO- 

-30°  to -20° 

-20° to -10° 

-10°toO° 

0°  to  10° 

10°  to  20° 

20°  to  30° 

30°  to  40° 

50°  to      40°.  .  . 

1 

4 

4 

3 

4 

2 

4 

5 

27 

40   to      30  . . . 

4 

4 

7 

5 

4 

2 

4 

( 

37 

30   to      20  . . . 

<) 

11 

14 

11 

10 

12 

10 

10 

87 

20   to      10  .  . 

»> 

4 

5 

4 

40 

41 

6 

6 

108 

10   to        0 

1 

3 

2 

3 

4 

5 

4 

5 

30 

0   to  -10  .. 

■i 

4 

2 

4 

8 

4 

3 

6 

34 

-10   to  -20  ... 

19 

40 

9 

4 

6 

4 

/ 

G 

95 

-20   to  -30  . . . 

45 

70 

29 

5 

4 

/ 

4 

o 

169 

-30   to  -40  . . . 

6 

;) 

4 

4 

a 

7 

2 

3 

36 

-40   to  -50  . .  . 

5 

3 

6 

3 

1 

4 

I 

1 

24 

The  estimates  are  necessarily  very  rough  because  the  flocculi  themselves  vary  in  brightness  and  the 
density  of  the  various  plates  is  not  uniform.  But  it  is  hoped  that  as  the  estimates  were  made  by  one  observer 
they  will  be  fairly  con.si.stent  and  show  the  latitudes  of  maximum  flocculation  with  considerable  accuracy. 
These  counts  were  not  made  throughout  the  whole  series  but  were  discontinued  for  plates  subsequent  to 
June  8,  1905.  Table  XX  gives  a  summarj-  of  the  distribution  for  each  plate,  that  i.s,  the  total  square  degrees 
in  each  zone  for  forty  degrees  of  longitude  on  either  side  of  the  central  meridian. 

The  sums  at  the  foot  of  the  table  show  the  degree  of  flocculation  according  to  latitude,  with  maxima 
in  the  two  hemispheres  in  the  neighborhood  of  15°.  The  results  in  this  table  have  been  considered  from  two 
other  points  of  view:  first,  to  find  if  the  degree  of  flocculation  changed  during  the  period  involved;  and 
Kfcond,  to  see  if  the  zones  of  ma.ximum  flocculation  sliifted. 

To  accomplish  the  first  of  the.se  objects  the  series  was  divided  into  three  sections  with  an  equal 
nmnlx-r  of  plates  in  each  .Kectioii,  with  results  shown  in  Table  XVI  and  jjlattcd  on  the  right  side  of  I'iguiv  10. 
It  in  at  once  apparent  that  the  curves  are  quite  similar  in  character  and  comparaijle  in  height,  indicatiiig  no 
decided  change  of  flocculation.  This  is  of  course  also  shown  in  the  totals  for  the  three  series  given  in  the 
table.  No  curve  is  drawn  for  the  total  flocculation  of  the  whole  series  as  its  form  can  at  once  be  seen 
as  a  stimmation  of  the  three  curves  given. 
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TAJ51.K  XV 
AiiEAS  Covered  by  the  Flocculi 


Plate  Number 


580. 

605. 

611. 

449. 

452. 

480. 

485. 

494. 

502. 

503. 

516. 

519. 

523. 

828., 

832.. 

854.. 

858.. 

864.. 

867.. 

869.. 

872.. 

881.. 

891.. 

897.. 

913.. 

917.. 

919.. 

923.. 

928.  . 

932.. 

946.. 

951.. 

962.. 

967.. 

976.. 

982.. 

989.. 

994.. 
1004. . 
1007.. 
1017.. 
1025.. 
1030.. 
1035.. 
1051.. 
1054.. 
1068.. 
1072.. 
1075.. 
1085.. 
1089... 
1097. . . 
1108... 
1113... 
1118... 
1122... 
1130... 
1142... 
1147... 
1154... 
1160... 
1167... 
1173... 
1182... 
1187... 
1207... 
1218... 
1234... 


+50°  to 

+40° 


27 
1 
25 
32 
52 
31 
48 
44 
38 
22 
40 
42 
43 
41 
41 
67 
55 
66 
48 
69 
45 
64 
50 
61 
55 
47 
41 
63 
53 
45 

42 

52 

51 

47 

62 

72 

43 

47 

44 

37 

43 

49 

59 

49 

37 

62 

59 

46 

41 

44 

41 

50 

43 

37 

46 

67 

56 

52 

51 

57 

51 

51 

55 

46 

58 

46 

63 

58 


+40°  to 
+30° 


37 

11 

42 

37 

49 

59 

78 

71 

72 

48 

51 

37 

60 

45 

76 

71 

69 

75 

64 

55 

56 

66 

59 

64 

63 

45 

50 

70 

56 

45 

45 

48 

54 

56 

74 

71 

45 

43 

58 

46 

49 

50 

67 

54 

48 

81 

62 

55 

49 

43 

49 

47 

44 

42 

42 

70 

68 

60 

54 

62 

55 

62 

56 

68 

60 

65 

90 

76 


+30°  to 
+20° 


87 
34 
65 
45 
59 
129 
182 
130 
96 
73 
102 
115 
131 
71 
81 
82 
93 
89 
93 
75 
94 
108 
72 
76 
103 
62 
73 
133 
97 
79 
56 
54 
68 
79 
131 
121 
84 
78 
80 
57 
53 
48 
66 
82 
63 
83 
57 
54 
51 
56 
73 
71 
46 
57 
91 
142 
147 
69 
67 
71 
130 
111 
92 
65 
SI 
89 
106 


+20°  to 
+  10° 


108 

59 

69 

54 

64 

91 

75 

68 

53 

36 

94 

77 

SI 

116 

127 

94 

102 

137 

.  122 

158 

164 

100 

189 

196 

230 

104 

80 

1.50 

70 

SI 

113 

85 

.  80 

84 
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147 

133 
75 
79 
97 

158 

141 

151 

154 
48 
53 

114 

136 

157 

141 

114 
71 
50 
65 
70 

137 

154 

143 

116 

134 
71 

199 

199 

193 

152 

122 

154 

138 


+  10°  to 
n° 


30 

17 

23 

29 

51 

41 

52 

54 

46 

33 

40 

32 

45 

36 

48 

52 

54 

83 

65 

74 

69 

64 

45 

63 

65 

43 

36 

62 

52 

33 

54 

33 

71 

57 

90 

55 

46 

32 

49 

41 

40 

49 

63 

52 

34 

60 

36 

47 

46 

29 

56 

42 

34 

37 

34 

59 

59 

44 

51 

47 

48' 

86 

74 

58 

67 

58 

76 

53 


0°  to 
-10° 


34 

14 

27 

22 

54 

38 

42 

49 

45 

43 

34 

39 

41 

25 

40 

61 

59 

47 

41 

39 

59 

72 

47 

60 

57 

35 

38 

42 

45 

32 

48 

35 

57 

50 

82 

49 

35 

38 

46 

42 

35 

35 

51 

48 

39 

63 

35 

50 

36 

31 

46 

52 

44 

41 

43 

61 

64 

53 

43 

55 

53 

70 

61 

43 

56 

41 

60 

39' 


-10°  to 
-20° 


95 
79 
105 
66 
56 
54 
50 
66 
48 
45 
51 
34 
93 
62 
76 
142 
156 
137 
131 
65 
81 
73 
180 
161 
158 
69 
56 
54 
55 
61 
49 
79 
62 
70 
123 
86 
611 
54 
49 
82 
103 
112 
147 
98 
77 
96 
46 
75 
85 
106 
164 
88 
60 
71 
42 
74 
94 
134 
110 
63 
60 
62 
132 
134 
147 
75 
116 
138 


-20°  to 
-30' 


169 
134 
152 
SO 
97 
85 
76 
67 
52 
43 
92 
59 
85 
77 
96 
85 
98 
66 
48 
52 
67 
47 
59 
59 
47 
43 
89 
94 
87 
90 
48 
42 
158 
151 
114 
78 
47 
38 
41 
48 
63 
70 
72 
59 
93 
112 
48 
61 
64 
63 
77 
131 
83 
104 
49 
101 
128 
70 
53 
55 
68 
56 
84 
83 
74 
SO 
151 
101 


36 

tH 

28 

40 

40 

50 

27 

49 

41 

48 

97 

70 

69 

40 

44 

54 

37 

39 

34 

36 

61 

41 

53 

58 

41 

36 

59 

50 

37 

35 

33 

30 

43 

63 

59 

47 

34 

33 

46 

43 

40 

37 

49 

46 

33 

56 

50 

49 

37 

35 

40 

61 

35 

39 

37 

65 

(56 

74 

74 

75 

62 

62 

56 

59 

38 

51 

73 

56 


-ID'  to 
-.■50° 

24 
5 

20 

38 

36 

49 

25 

43 

34 

36 

40 

44 

46 

36 

35 

44 

33 

33 

29 

43 

44 

36 

59 

50 

47 

44 

52 

34 

37 

47 

36 

23 

46 

52 

86 

58 

33 

26 

35 

32 

53 

39 

65 

44 

32 

56 

57 

35 

31 

32 

30 

36 

37 

35 

29 

53 

51 

47 

56 

56 

43 

47 

43 

35 

51 

50 

60 

43 
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I  ABI.K  XV— ron/inued 


Plate  Number 


1244. 

V2m. 

1270. 
1294. 
1295. 
1301 . 
1311. 
1314. 
1318. 
1324. 
1329. 
1336. 
1344. 
134S. 
13.54. 
1362. 
1366. 
1370. 

laso. 

1391. 

1394. 

1404. 

1408. 

1561 . 

1565. 

1572 

1419 

1423 

1429. 

1432. 

1438.. 

1443.. 

1450.. 

145.3.. 

1467.. 

1470.. 

1476.. 

1516.. 

1519,. 

1529.. 

1.5.35.. 

1.543.. 

1.546.. 

1.5.8S.. 

1.5!»0.. 

1601.. 

1604.. 

1626.. 

16.30.. 

16.34.. 

1640.. 

1644.. 

1648,. 

16.56  . 

1662.. 


+40' 


-11/  I 
+30' 


44 
51 
61 
55 
44 
45 
56 
69 
.54 
.52 
.54 
71 


58 
41 

49 
44 
45 
34 
51 
68 
50 
45 
33 
35 
26 
30 
42 
39 
39 
28 
::i 
:;i 
33 
32 
27 
37 
42 
28 
61 


50 
42 
30 
48 
34 
29 
38 
42 
34 

1.'. 
49 


56 
69 
116 
.Vi 
67 
55 
71 
55 
64 
58 
91 
88 
S8 
69 
.56 
63 
53 
47 
43 
49 
71 
53 
.55 
48 
44 
39 
.32 
77 
62 
.59 
45 
37 
32 
42 
54 
31 
42 
50 
31 
61 
35 
63 
41 
43 
42 
58 
40 
36 
45 
54 
.54 
.■« 
.53 
.56 


+20° 


66 
64 
76 
72 
65 
66 
88 

lOS 
92 

114 
96 
76 
74 
69 
61 

no 

119 

102 

74 

65 

77 

86 

61 

.55 

55 

72 

77 

74 

144 

129 

120 

66 

48 

55 

103 

119 

120 

112 

69 

41 

69 

65 

89 

55 

52 

.55 

95 

53 

66 

74 

92 

78 

.50 

49 


lUO 

94 

72 

78 

86 

86 

100 

111 

140 

109 

102 

105 

130 

141 

164 

119 

132 

92 

65 

89 

80 

127 

129 

80 

90 

176 

239 

219 

201 

166 

77 

SI 

66 

57 

172 

181 

162 

109 

101 

46 

80 

237 

271 

51 

42 

176 

183 

85 

.39 

45 

90 

132 

102 

116 


44 
59 
55 
74 
.57 
70 
46 
70 
42 
72 
54 
79 
90 
76 
85 
53 
76 
46 
45 
49 
57 
69 
53 
51 
.82 
105 
42 
48 
42 
35 
39 
42 
34 
37 
.52 
94 
91 
61 
59 
87 
60 
133 
145 
45 
35 
48 
84 
71 
29 
39 
76 
.55 
39 
54 
56 


.567* 


r,83.- 


1  I'jn 


ilTO.'i 


0°  to 
-10° 


40 
62 
47 
56 
53 
.59 
44 
72 
49 
69 
52 
58 
48 
61 
60 
43 
49 
34 
51 
45 
53 
44 
37 
42 
46 
38 
28 
39 
33 
29 
34 
27 
32 
30 
54 
53 
35 
41 
41 
37 
49 
39 
47 
43 
36 
25 
41 
31 
24 
35 
42 
29 
34 
33 
80 


-10°  to 
-20° 


5524 


166 

145 

116 

115 

67 

85 

65 

84 

61 

114 

73 

75 

63 

74 

65 

170 

153 

114 

119 

54 

70 

64 

48 

146 

142 

133 

64 

68 

85 

68 

.54 

54 

87 

103 

81 

88 

57 

102 

94 

156 

244 

46 

41 

135 

80 

47 

51 

40 

32 

46 

50 

44 

37 

50 

54 


-20°  to 
-30° 


-30°  to 
-40° 


10722 


89 
107 
95 
70 
97 
105 
74 
78 
97 
136 
124 
75 
73 
63 
75 
96 
79 
69 
75 
59 
121 
58 
45 
92 
96 
96 
63 
67 
70 
45 
31 
38 
49' 
47 
53 
50 
41 
47 
80 
52 
122 
39 
43 
95 
74 
38 
57 
38 
26 
37 
42 
38 
27 
44 
44 


9154 


45 
.52 
64 
82 
60 
64 
62 
59 
77 
57 
39 
68 
53 
56 
63 
47 
56 
49 
47 
50 
51 
45 
43 
56 
57 
49 
37 
44 
35 
32 
31 
32 
30 
44 
38 
35 
33 
34 
33 
26 
71 
46 
48 
46 
33 
29 
39 
35 
25 
30 
33 
24 
21 
28 
33 


5730 


-40°  to 
-50° 


38 
38 
49 
59 
45 
49 
39 
39 
47 
37 
35 
41 
37 
32 
48 
42 
44 
33 
31 
37 
39 
27 
38 
41 
47 
44 
20 
24 
22 
25 
26 
33 
28 
33 
25 
28 
29 
35 
33 
28 
48 
30 
31 
36 
30 
24 
39 
34 
23 
34 
42 
39 
21 
36 
37 


4765 


T.\BLE  XVI 
SuMUAitr  or  Areah  or  1' wjcculatio.n  in  Three  Groups  with  Equal  Numbers  ..t    Pi  ni  ~  i\   1   \mi 


i  , . 

-  '11 

:  111 

•40* 

to 

+30* 

+30- 

to 

+20* 

+20" 

to 

+10' 

+  10* 
to 
0" 

0* 
to 
-10' 

-10- 

to 
-20' 

-20* 

to 
-30" 

-;io' 

to 
-40' 

-40" 

to 
-50" 

Total 

by 
Scries 

I 

II 
III 

11 

122 

''     1896 
2223 
1  .'.59 

2270 
2631 
1934 

3590 
33.54 
3152 

4309 
.5001 
4833 

2005 
2372 
2418 

1798 
2143 
1583 

3377 
.3974 
3371 

3223 

3.548 
2.383 

1839 
2316 
1.575 

1023 

1826 
1316 

25990 

29388 
24124 

ToUl.. 

5678 

1 

683,5 

10090 

14203 

6795 

5524 

10722 

0154 

5730 

4765 

79502 

10.  Aug.  e.  '03.  to  Plato  1017,  June  18.  '04 

11      "JJS.  Juno  20.  '04.  to  Plato  13M.  Oct.  20,  '04 

III  -Plate  1302,  Nov.  1.  '04,  to  Plato  1002.  June  8.  '05 
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For  the  second  study  the  plates  were  divided  into  three  series  covering  equal  intervals  of  time.  This 
gave  quite  different  numbers  of  plates  in  the  three  groups,  as  is  seen  in  Table  XVII.  The.se  results  have 
been  platte  1  on  the  left  side  of  Figure  10,  where  the  maxima  of  the  curves  an;  indicated.     It  will  be  seen 

T.VHLK  XVII 

SUMMAKY    OF    .\rEAS    OF    FlOCCULATION,    GROUPED    .\CC0RDIXG    TO    DaTES 


Series 

No.  of 
Plates 

+50° 

to 

+40° 

+40° 

to 

+30° 

+30° 

to 
+20° 

+20° 

to 

+  10° 

+10° 
to 

0° 

0° 
to 
-10° 

-10° 
to 

-20° 

-20° 

to 
-30° 

-.30° 

to 

-40° 

-40° 

to 
-50° 

Total 

by 
Series 

I...... 

II 

Ill 

13 

.  69 

40 

445 
3674 
1559 

652 
4249 
1934 

1248 
5696 
3152 

929 
8441 
4833 

493 
3S84 
2418 

482 
3459 
1583 

842 
6509 
3371 

1191 
5580 
2383 

613 
3542 
1575 

440 
3009 
1316 

7335 
48043 
24124 

Total.. 

122 

5678 

6835 

10096 

14203 

6795 

5524 

10722 

9154 

5730 

4765 

79502 

I  =Plate    449,  Aug.  6,  'OS,  to  Plate    611,  Oct.  11,  '03 

II  =PIate    828.  Mar.  7,  '04,  to  Plate  1354.  Oct.  29,  '04 

III  =Plate  1362.  Nov.  1,  '04,  to  Plate  1662.  Juno  8.  "05 


Fig.  10. — Relative  areas  covered  by  the  floeeuli.  On  the  left  the  observations  are  grouped  by  dates  to  detect  move- 
ment of  the  zone  of  maximum  flocculation.  On  the  right  they  are  grouped  in  series  with  equal  numbers  of  plates  to  compare 
the  amounts  of  flocculation  during  the  period. 


that  the  maxima  shift  toward  the  equator  during  the  period  between  1903  and  1905.  This  shift  is  also  shown 
in  the  curves  at  the  right  of  the  table.  This  result  was  of  course  to  have  been  expected  as  the  progressive 
movement  of  the  spots  toward  the  equator  during  the  progress  of  a  sun-spot  cycle  was  long  ago  recognized. 
The  large  areas  of  flocculi  are  either  associated  wi+h  the  spots  or  are  found  in  the  latitude  of 
maximum  spottedness. 


ADDKNDLM    11 

POSITIONS  OF  SUN-SPOTS 

The  measurement  of  the  Kuinfonl  six'ctroheliograms  included  the  determination  of  the  positions  of 
the  sun-spots.  In  general  their  positions  were  not  measured  at  distances  greater  than  50'  from  the  central 
meridian.  It  is  understood,  of  course,  that  the  sun-spot  positions  were  measured  on  the  globe  in  the  same 
method  as  the  flocculi,  but  the  heliographic  longitude  of  the  central  meridian  has  been  added  so  that  the 
spot  positions  are  referred  to  the  same  meridian  as  are  the  Greenwich  positions. 

The  spot  positions  have  not  been  discussed  for  a  determination  of  the  rotation  period  because  they 
were  too  few  in  number  and  therefore  it  was  considered  unwarranted  in  view  of  the  far  richer  material 
collected  at  Greenwich.  It  is  thought,  however,  desirable  that  the.sQ  positions  should  be  pubUshed  and  they 
are  here  collected  in  Table  XVIII.  The  spots  of  this  series  are  designated  alphabetically.  So  far  as  has 
been  possible  an  identification  has  l)een  made  with  the  Greenwich  numbers,  and  the  Greenwich  positions  are 
added  for  comparison. 

In  discussing  the  coniijarison  of  the  spot  positions  taken  from  the  spectroiieliograins  and  from  the 
Greenwich  photoheliograins,  it  nnist  be  l)orne  in  mind  that  the  observations  were  not  simultaneous  and  that 
in  many  cases  the  spots  on  the  spectroheliograms  are  partially  covered  or  bridged  by  overhanging  flocculi. 
In  a  coa«idcrable  number  of  cases  several  nuclei  have  been  measured  which  on  a  direct  photograph  might 
have  appeared  as  a  single  spot.  In  complex  groups,  such  as  Greenwich  .5473  of  March  ii,  190.5,  it  is  quite 
impfjssible  to  identify  the  individual  nuclei  because  they  are  rapidly  changing.  In  some  such  cases  it  is  the 
custom  at  Greenwich  to  give  but  a  single  position  for  the  center  of  the  group  rather  than  to  record  the 
positions  of  individual  nuclei.  With  the.se  cautions  in  mind,  it  will  be  seen  that  the  agreement  is  quite 
satisfactorj'  Ijetwecn  the  two  series. 

A  check  on  the  consistency  of  the  observations  was  made  by  taking  at  random  one  hundred  spots 
which  had  been  measured  at  the  two  stations  and  determining  the  extreme  differences  of  measured  position 
on  the  same  spot  both  in  longitude  and  latitude  in  the  two  .series  and  totaling  them  without  regard  to  sign. 
The  spectroheliograms  give  [AX]  =  95?6,  [A<^]  =  .55?4.  For  Greenwich  the  corresponding  quantities  are 
(AX]=125?5,  [A0l  =  6O?.5.  These  quantities  are  of  the  same  order  of  magnitude.  Changes  in  measured 
I)<)sition  whicii  enter  into  these  summations  are  of  course  jiartly  real  and  ])artly  due  to  error  of  measurement. 
Whichever  of  these  cau.-^es  prevails,  the  check  demonstrates  that  the  two  series  are  affected  to  about  a  like 
degree.  The  gloljc  machine,  then,  makes  no  sacrifice  in  accuracy  and  offers  the  advantage  of  very  marked 
saving  of  time  and  labor  in  the  derivation  of  positions  of  spots. 
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TABLE  XVIII 

CoMl-AUlSON   OF   SuN-SpOT  POSITIONS   WITH   GliBENWICIl    rilOTOHELIOtJKAl'UIC    RESULTS 


Spectrobblioorapb 

Gree.vwich 

Plate  Number  and  Date 

Letter 

Oreenwich 
Number 

Longitude 

Latitude 

Longitude 

Latitude 

449 
Aug.  (i,  '03 

o" 

5068 

/308?4 
\308.6 

-21?8\ 
-22.3/ 

306?4 

-22?7 

11,50". 

452 

0 

50(iS«. 

309.1 

-22.4 

307.9 

-22.0 

Aug.  7,  '03 

S''39"' 

480 

l> 

5072 

2.37.0 

20.5 

2.35.9 

20.5 

Aug.  17,  '03 

<l 

5072 

238.2 

20.2 

237.2 

20.3 

ai-lO"' 

r 
s 

V 

5072 

239.5 
204.5 

237.2 

19.9 
-18.5 

20.8 

238.9 

20.0 

485 

5072 

236.8 

20.5 

Aug.  18,  '03 

<l 

5072 

238.2 

20.3 

237.7 

20.1 

10''08"' 

l' 

5072 

229.7 

22.4 

229.3 

21.9 

494 

g 

5072 

237.1 

21.0 

237.2 

20  7 

Aug.  19,  '03 

SkSS-" 

503 

I 

.5077 

103.4 

25.1 

102.5 

25.6 

Aug.  21,  '03 

10''05'° 

516 

u 

50S3« 

193.1 

-18.0 

192  5 

-18.1 

Sept.  10,  '03 

4h20m 

519 

u 

5083a 

192.4 

-18.8 

192  2 

-18.1 

Sept.  11,  '03 

10''38-" 

523 

u 

50S3« 

194.0 

-18.3 

192.3 

-17.6 

Sept.  12,  '03 

10''00'» 

580 

a 

5091a 

245.5 

12.9 

245.3 

13.0 

Oct.  9,  '03 

b 

5092a 

214.7 

-22.0 

214.1 

-21.7 

8''22"' 

c 
d 

5094 

284.7 
f208.9 

-21.0 
-23.  r 

285.0 

-21.5 

e 
f 

5093 

206.5 
'206.2 

-22.5 
-21. Of 
-21. 2j 

205.5 

—21 .2 

k 

210.0 

g 

5093 

200.2 

-18.3 

200.2 

-18.7 

h 

5093 

197.8 

-19.8 

197.1 

-19.5 

i 

5093 

197.8 

-21.3 

197.0 

-21.4 

j 

5093 

197.7 

-22.3 

197.7. 

-23.2 

I 

5093 

200  2 

-20  8 

199.7 

-20.8 

605 

a 

5091a 

245.3 

12.8 

245.2 

12.9 

Oct.  10,  '03 

h 

5092a 

214.5 

-21.9 

214.6 

-21.7 

10''59'" 

c" 

5093 

207.8 

-21.5 

206.0 

-21.1 

g 

5093 

200.2 

-18.3 

199.7 

-18.0 

i 

5093 

197.6 

-21.1 

197.7 

-21.0 

I 
m 

200  3 
201.2 

-21  0 
-19.7 

'5093 

200^5     ■ 

'-2o;6' "" 

611 

a 

5091a 

245.3 

13.1 

244.9 

12.8 

Oct.  11,  '03 

b 

5092a 

214.2 

-22  () 

214,0 

-22.2 

1''17"' 

k' 

e' 

209.8 
206.1 

-20  6 
-21.5 

5093 

206'0     ' 

'■-2l'2  "" 

g 

5093 

199.6 

-18.1 

199.8 

-18.4 

h 

'196.8 

-19.41 

i 

5093 

■  197.5 

-20.5 

196.9 

-21.1 

j 

196.9 

-21. 6j 

I 

5093 

199.9 

-20.3 

200.6 

-20.7 
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Plate  Ncmbeh  and  Date 


S2.S 
Mar.  7,  '04 

832 

Mar.  S,  '04 

9''50'° 

854 

Apr.  12,  '04 

9''26" 


858 
Apr.  13,  '04 


864 

Apr.  14,  '04 

lOMO"- 


867 

Apr.  16,  '04 

10''26'° 


869 
Apr.  18,  '04 


Apr.  19,  '04 

9b3lm 

876 
Apr.  20,  '04 

881 
Apr.  21,  '04 

gh22°' 


891 
Apr.  26,  '04 


Si»7 

Apr.  27,  '01 

10^  10'" 


I.KTTKK 


V 
W 


X 

y 

z 
aa 

X 

y 

z 
z' 
z" 
an 

X 

x' 
x" 

y 
y' 

z 
z' 
an 

X 

y 
y" 

z 

aa 
ab 
ac 


y 

an 
ab 


an 
ah 


ah 


ah 
ad 
ae 


af 
ag 
ah 

"J 
ak 
al 
ai 
am 


ah 


TABLE  XVIll— Continued 


CrRKENWICH 
NCMBEB 


5176 

51796 


5202(1 
52026 
5202 
5204a 

5202a 
52026 

5202 

5204n 

5202a 
52026 


5202 
5204a 

.■)202o 
r)2026 


5204a 
5206a 


52026 
5204a 
5200a 

5204o 
520(jn 


.5200a 


5206n 

5208 

5208 

5210a 
5209a 

5210 


.'■)210 

5210a 
5209« 
5210 

5210 


SPSCTROHEUOORArB 


Longitude 


24  ?2 


24.1 
67.3 


278.9 
271.4 
274.5 
244.4 

278.9 
271.3 
274.8 
273.2 
273.3 
244.3 

279 . 1 
279.9 
279  2 
271.0 
272.0 
1275.1 


Latitude 


Gheekwicb 


1274.0 
244.5 

280.1 
271.1 
272.8 
275.9 
245.1 
197.8 
280.7 


270.7 
246,0 
197.6 


246.0 
197.4 


197   1 


196.9 
200.7 
197.4 


1114 

10.5.9 

107.4 

/  99.0 

99  1 


-18?6 


18. 

6 

17. 

1 

14 

8 

18. 

1 

18 

9 

6 

0 

15 

0 

17 

9 

18 

61 

17. 9^ 

18 

81 

0 

0 

14 

^] 

13 

A 

13 

■i\ 

17 

8 

18 

1 

18.51 

18 

71 

6.0 

■14 

3 

-17 

o 

-16 

.6 

-IS 

.1 

6 

..T 

17 

.0 

-10 

.3 

-17 

.0 

6 

.9 

18 

.1 

Longitude 


r.o 


IS. 


18.6 


18.9 

■  8.4 
-  8.7 


12.6 
-13.0 

14  r, 

14.31 
13  3 
12  4 

15  0 
15  9 


12  3 

13  2 
14.0 
15  4; 
14. S/ 


No  photo 


23?9 
07.1 


278 . 8 
271  7 
274.2 
244.1 

278.8 
272.5 

274.9 

244.4 

27S.7 
272.9 


Latitude 


graph 


273.8 
244.0 

279.7 
271.7 


245.2 
197.5 


272.4 
245.5 
197.4 

246.0 
197.5 


197.1 


190.0 
199.5 
194  7 


110.8 

104  9 

105  5 
100  1 


111  I 
Id.".  I 
107  I 

9S.9 


-18?4 
16.5 


-14.3 

-18.0 

-18.6 

6.5 

-14.3 
-17.7 

-16.7 

6.7 


-14.6 
-17.4 


-19.8 

6.5 

-14.7 
-17.2 


6.6 
18.0 


■17.4 

6.5 

18.1 


6.7 
18.1 


18.4 


18.8 

-  8.4 

-  8.2 

12.6 
-13.1 

13  3 


1  I  I 


12  0 

13  1 
13  0 

14.8 
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TABLE 

XVlIl—Cmlinued 

Plate  Numbeb  and  Dat 

'■•             Lkttek 

Gheenwich 
Number 

SPECTROHELIOCIRAPH 

Gbeekwich 

Longitude 

Latitude 

I/ongitude 

906 
Apr.  28,  '04 

arj 

5209a 

/107?1 
1104.8 

-13°21 
-12.9/ 

11 '■34"' 

105?4 

-13?0 

af 

5210a 

/lll.O 

1109.8 

107.5 

98.8 

12.61 
12.9/ 
14.0 
15.0 

913 

ah 

at 

5210 
5210 

111.2 

107.7 

12.3 

13.8 
14.7 

Apr.  29,  '04 

"!l 

5209a 

/107.4 

1105.0 

109.8 

60.1 

-13.61 

IPSl'" 
917 

"f 

5210rt 
.''>214 

-12.9/ 
12.8 
17.8 

105.0 

111.0 
59.4 

-13.1 

11.6 

18.7 

Apr.  30,  '04 

"9 

5209rt 

fl07.5 

1105.2 

110.0 

59.9 

9.0 

-13  01 

11 ''1.3'" 

tni 
no 

5210« 

5214 

5213a 

-12.6/ 
13.0 
17.5 

-22.3 

105.7 

110.5 

58.5 

&.1 

-13.0 

12.7 

18.3 

-21.5 

919 

May  2,  '04 

2''26"" 

(HI 

an 
ap 

aq 

5214 
5213a 

58.1 
8.7 

14.1 
/  10.7 
1     9.9  • 

18.2 

-21.9 

24.7 

22.71 

58.8 
8.0 

18.0 
-21.7 

5215 

22.9/ 

11.8 

23.8 

923 
May  3,  '04 

no 
11 II 

521.3a 

5215 

5215 

8.4 

15.3 

9.7 

-21.8 
24.6 
23.1 

7.9 
14.4 
10.3 

-21.3 
24.3 
23  2 

928 

Mav  4,  '04 
ghi2ra 

ao 
ao' 
ap 

aq 

5213a 

5218 

5215 

/5215 

15215 

5.9 

357.8 

15.6 

9.6 

10.9 

-21.0 

-20.0 

24.9 

23.0 

23.2 

7.9 

358.2 

13.8 

9.9 

11.1 

-21.3 

-19.8 

23.7 

23.0 

23.2 

932 
May  5,  '04 

9h37ni 

ao' 
aq 
ar 

as 

5218a 

5215 

5217 

5217 

1.3 

9.9 

323.6 

/317.3 

1317.2 

-19.7 
24.9 
18.2 
18.81 
18.2/. 

359.9 

10  2 

321 . 7 

-19.6 
23.7 
18.7 

316.7 

18.9 

946 
May  20,  '04 

llhi3m 

at 
ail 

5232a 

193.6 
98.1 

193.5 

98.7 

101.6 

17.5 

193.4 

17.5 

at 
an 
all' 

5232a 

5235 

5235 

12.9 

17.8 
13.5 
12.2 

951 

May  21,  '04 

9''52'" 

192.4 
97.9 
99.6 

17.8 
13.3 
12.4 

062 

Mav  31,  '04 

11''56'" 

an 

5240 

7.8 

-21.9 

7.4 

-21.1 

967 
June  1,  '04 

a  I' 

5240 

7.4 

-21.8 

5.3 

-21.9 

10''21'° 

972 
June  8,  '04 

aw 

5246 

277.4 

18.7 

277.1 

19.0 

llhl4m 

976 
June  9,  '04 

<)h47m 

air 

5240 

277.4 

18.4 

274.3 

IS.  9 

982 

June  10,  '04 

10''57'° 

aw 
ax 
ay 

5246 
5250 
5251a 

277.8 
228.8 
185.2 

19.2 
18.9 
11.8 

277.0 
229.0 
184.7 

18.5 
19.3 
12.1 
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TABLE  XVlll— Continued 


Plate  Nuubeb  and  Datf; 

<iHf:F.NWICH 

Spectrobeuoobaph 

Grcenwicb 

NUMDEIt 

Longitude 

Latitude 

Ivongitude 

Latitude 

989 
June  11,  '04 

ail' 
ni 

5240 
5250 
5251a 

278?2 
228  6 
184.7 

18?8 
18.9 
12.0 

277?5 
229.4 
184.4 

18°S 
20,1 
12  6 

994 

June  13,  '04 

10''07°' 

ax 

ay 

az' 
az" 

5250 

5251a 
5250 

r227.2 
227.4 

'227.8 
226.8 
185.9 

f 233.0 

1231.9 

19.01 

18.6 

18.0 

21. ij 

12.2 

20.11 

20.5/ 

227.8 

185.5 
231.5 

19  0 

12.6 
19.7 

1004 

June  14,  '04 

10''30"' 

ax' 

fix 

5250 
5250 

225.8 
[226.8 

227.1 
(227.8 

21.1 
19.21 
18.3 
17.8 

226.4 
228.1 

21  0 
18  6 

"11 
'•ll' 
az 
Im 

5251a 

5250 
5250 

fl86.5 

1187.0 

232.7 

222.9 

.        12. 2\ 
13.2/ 
20.1 
23.1 

185.7 

232.1 
222.4 

12.7 

20.1 
23  5 

1007 

June  16,  '04 

9'41-» 

hi, 
hb' 
he 
M 
he 
bf 

r,253<i 

5253 
5252a 
5252 
5254a 

f 12 1.5 
1119.5 
113.4 
122.8 
120.4 
110,5 

12. 4\ 

11.5/ 

13  0 

-17.4 

-16.9 

-22.0 

120.6 

113.2 
122.4 
120.0 
109.7 

12,8 

14.3 
-16.9 
-16.3 
-22.5 

1013 

Juno  17,  '04 

lO'^W" 

hh 
hit 
hr 

5253a 
5252a 
5254a 

120.7 
/122.S 
1121  6 

109.9 

12.0 
-17.51 
-17.2/ 
-22.7 

120.8 
121.6 
109.5 

12.8 
-16.5 
-21.7 

1017 
June  18,  '04 

66 
hd 
be 
bf 

5253a 
5252o 
5254a 

120.3 

ri22.6 

\121.9 

109.1 

12.2 
-16.81 
-16.3/ 
-22.4 

120.2 
120,9 
108.8 

12.9 
-16.8 
-22.3 

1025 

June  20,  '04 

lOHO" 

66 
bg 

5253a 
5256 

120.0 
52.1 

12.0 
19.0 

119.6 
50 . 5 

12.1 
19.5 

1030 

June  21,  '04 

lONK)" 

66 
bg 

5253a 
5256 

119.8 
52.7 

12.0 
19.4 

119.4 
51.4 

12.7 
17.7 

1035 

June  22,  '04 

9''56'° 

hh 
bg 

52.>ia 
5256a 

119.7 
/  53.0 
1  51.8 

11.9 

19.41 

19.5/ 

119.4 
51.9 

119 
19.8 

hh 
hi 
bj 
bk 

52566 

5252 
5256 

/  47.8 

\  46.4 

115.4 

42.5 

18.01 
18,2/ 
-15.1 
19  0 

46.8 

115.3 
41.9 

19.0 

-15.2 
19.4 

1039 

June  23,  '04 

0H)0-5 

bb 
bg 

5253a 
5250a 

rii9  7 

[118.9 
/  52.4 
\  50.5 

12-5) 
11.5/ 
19.81 
19.5/ 

119.3 
51  7 

12,0 
19.8 

hh 
hi 

52.506 

f  47.0 
\  46.0 

18.71 
18.6/ 

46.9 

IS  9 

bj 
hi 

5252 
5252 

/117.0 

\ll5.I 

122  9 

-15.11 
-15.0/ 
-14.5 

115  2 
122  7 

-15  9 
-14  8 

1051 

Julv  1,  '04 

ttVjl- 

hm 
6n 
Im 
bp 

525(t6 
'i259rt 
5261 
5262a 

315.9 
307 . 4 
328  9 
202.5 

-19.4 

-18  9 

-22  6 

14  7 

315.8 
308.3 
323  9 
260.5 

-18.9 

-19  2 

-22.4 

15.4 
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TAJ3LE  XVlll—Conlinued 


Pl.^te  Number  .^nd  D.vte 

Lettek 

Greenwich 

NUMHKR 

SPECTROHBLIOaRAPH 

Greenwich 

Longitude 

Latitude 

Longitude 

Latitude 

10.54 

hw. 

5259b 

316?7 

- 19°5 

316?4 

-19"5 

July  2,  '04 
91,12... 

I'P 

5262a 

/263.0 
.      1261.9 

15.21 
15.0/ 

261.2 

15.3 

l"l 

5261 

333.6 

-22.9 

.332.8 

-22.0 

lOHS 

br 

.52H4« 

149  9 

12  9 

150.6 

13.2 

Julv  12,  '04 
gh54,„ 

,52646 

/140.1 
1138.9 

12.51 
11.8/ 

140.1 

12.7 

bu 

.5264 

140  3 

15.2 

141.0 

15.7 

1072' 

br       • 

5264a 

150.1 

13.0 

149.8 

13.0 

July  13,  '04 
■ghoim 

bn 
bl 

.52646 

fl40.0 
1139.1 

12,91 
11.9/ 

141.6 

13.2 

bu 

5264 

140.3 

16.1 

140.2 

16.2 

1075 

br 

.5264a 

1.50.6 

12.2 

150.3 

12.7 

Julv  1.5,  '04 
SMS"' 

U 

52646 

/139.6 
1 1.39  3 

12.31 
11.7/ 

139.2 

12.7 

bu' 

5268a 

117. S 

-13.0 

118.2 

-12.5 

bl, 

5266 

109  2 

13.8 

107.9 

13.3 

bw 
bx 

107   1 
ISO   1 

115 
16  3 

.5267 

i86'.5   ' 

16^.5   "" 

I'll 

5267 

183.6 

16   1 

183.6 

16.2 

10S.5 

br 

.5264o 

151.0 

12  9 

1.50.8 

12.6 

July  Hi.  '04 
■      10''20'" 

bs 
bl. 

.52646 

[139.6 
'i:i9  4 

13  21 
12.3/ 

140.1 

12.5 

bu' 

.526Sa 

IIS   1 

-12.4 

lis  2 

-12.5 

br 

5266 

109.0 

14.9 

108.8 

16.6 

bw 

5266 

107.0 

12.5 

108.2 

13.4 

1089 

br 

5264a . 

1.52.7 

13.0 

151.6 

12.4 

Julv  IS,  '04 
ghi2n, 

bs] 
bl! 

52646 

139.7 

13.5 

140.5 

12.7 

bu' 

.5268a 

117.7 

-11.4 

117.8 

-11.2 

bw 

.5266 

107.2 

12.5 

107.6 

12.5 

bz 

r  61.4 

-19.41 

hz' 

5269a 

59.9 

-18.4- 

59.9 

-19.0 

bz" 

[  58.6 

-18.8, 

1097 

hw 

5266 

107.5 

11.9 

107.3 

lis 

July  20,  '04 

bz 

5269a 

61.2 

-19.4 

60.8 

-19.1 

OhQi... 

Cll 

cb 

5269 

/  48.4 
\  46.9 

-22.31 

—22.2/ 

48.5 

-21,9 

1103 

bz 

.5269o 

61.4 

-19.0 

60  9 

-19,0 

July  21,  '04 

ch 

5272 

63.9 

13.8 

62.7 

13,8 

"8''58'" 

llOS 

bz 

5269o 

61.1 

-19.0 

60.8 

-18,9 

Julv  22,  '04 

ch 

5272 

64.7 

13.4 

63.9 

13.4 

8hl4m 

1113 

hz 

5269a 

60.9 

-18.5 

60.6 

-18.7 

July  23,  '04 

cc 

.5277 

4.7 

-20.0 

3.5 

-19.0 

10b37m 

cd 

5277 

1.3 

-21.2 

0.8 

-20.7 

ce 

.5273a 

342.2 

20.7 

341.9 

21.1 

ch 

5272 

66.1 

12.9 

65.0 

12.9 

Ills 

hz 

5269a 

60.4' 

-18.8 

59.6 

-18.1 

July  2.5,  '04 

cc 

.5277 

4.5 

-20.4 

5,2 

-19.5 

9h49,„ 

cf 

52736 

324.6 

20.8 

.325,1 

20.7 

cj/ 

5275 

320.8 

24.6 

320,6 

24.5 

1122 

ci 

5278a 

307.3 

14.2 

305,9 

14.9 

Julv  27,  '04 

ci' 

5280 

298.7 

9  4 

299,7 

10  2 

S''15"' 

cj 

527S6 

298.5 

14.1 

297,8 

14.6 
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TABLE  XVllI— ''....'....-' 


Pl.\TE  NfUBER  AND   D.\TE 


Letter 


Greenwich 

XVMDER 


TF.rTR01IEl.l00n.\PH 


Longitude 


Latitude 


Greenwich 


Longitude 


I.atitude 


1130 

Julv  28.  '04 

SMS" 

1142 

Auk.  1,  '04 

8''32"'5 

1147 

Auk.  2.  '04 

S''34'" 

1154 

Aug.  3,  '04 

Si-SO" 

1160 

Aug.  6,  '04 

9h32>» 


1107 
Aug.  8.  '04 
9*'17'"5 

1173 
AuK.  U.  '04 

S''45'"5 


1182 
Aug.  12,  '04 


11. S7 
AuK.  13,  '04 


1207 
Aug.  23,  '04 

8''59°' 

1218 
Aug.  24   '04 

Si-lO^o 

1234 
Aug.  25,   04 


1244 
Aug.  26,  'OJ 

8''42'" 


I2)W 

Sept.  9,  '04 

10*35- 


n 


cl 


ck 
cl 


ck 


ctn 
en 

CO 

cp 

CO 
C/l 


CO 

c/l 

c,,' 

eg 

cr 

cs 

CO 

cp 
cq 

CS 

cl 
cu 


cq 

cp 
cl 
cv 


cw 
cy 
cy' 

cw 

ex 

cy 
ct 

cw 
ex 

cy 
cz 

da 


5278a 
52786 


5281 


5281 


5281 


5282 

5283o 
5285a 


5283a 
52S5a 


5283a 

5285a 

5286a 

5289 

5289 

5283a 
5285o 
5286a 
5289 

5290 


5286« 

52.S.-)a 

.">2<t(l 

52<.>1(! 

5295a 


5307 


308?9 
298.3 


/300.9 
1299.5 


/300.6 
\299.7 


299.2 


/2.57.2 

1261.5 

182.6 

1.57.0 

1S1.5 
l.")6.4 


180.1 
/1.56.9 
1155.2 
110.5 
128.1 
125  4 

ISO.O 
1.55.1 
110.3 
124.9 
/104.9 
\162.6 

/no. 7 

1109.3 

1.55.1 

105.9 

59.0 

318.7 


5295a 

5296 

5296 

318.5 
275.9 
273.1 

52!t5n 

5299 

5290 
6298<J 

318  5 
/279.8 
1279.3 
275.8 
256.3 

318  7 

.V299 
529(1 
.529V. 

2S0  S 
277.0 
276  0 
2.56,5 

122.2 


14?1 
14.0 


-17. 3\ 
-17.2/ 


-17.21 
-17.1/ 


■17.0 


10 

.6; 

u 

.8f 

25 

.9 

12 

.7 

26 

1 

12 

9 

26 

0 

13 

91 

13 

5f 

13 

4 

15 

1 

10 

6 

26 

5 

13 

5 

13 

4 

15 

•) 

11 

5} 

11 

13 

31 

13 

3/ 

13 

4 

11 

2 

18 

5 

13.4 


13.2 

18.2 

18.3 

13  5 

19.3. 
18. 8f 

19.8 

14.4 

13.5 

19.3 

10.6 
19. 4( 

14.0 

-18  2 


308?  5 
298.2 


294 . 5 


295.0 


299.0 


2.59.5 

181.7 
156.4 


181.4 
156.2 


179.5 

155.4 

lOS.O 
127 . 4 
124.8 

179.7 
155.8 
109.8 
124.7 

162.9 


109.9 

1.56.6 

165.2 

58.8 


318.0 


318 
279 
272 

2 

7 
9 

318 

5 

278 

9 

278.9 
2.50  1 

280 

1 

276 

4 

2.56 

6 

124.6 


W.b 
14.4 


-17.5 


-17.6 


-17.1 


11.0 


20 

1 

12 

/ 

26 

2 

13 

1 

26 

1 

13 

4 

13 

3 

15 

4 

10.6 

26.2 

13 

7 

12 

/ 

16.8 

11.7 


-13.0 

13.3 

11.1 

-18.2 


13.3 


13.5 
-18.6 
-18.0 

13.6 

18.8 

-18.3 
-14.1 


19.3 
■19.4 
■14.4 


-16. 


Ij^^l^J^^oT^^^io^  Pekioi,   ok  the  Sun 


1270 
Sept.  10,  '04 

91127"' 

1294 

Sept.  29,  '04 

11''26'?.5 

1295 
Oct.  1,  '04 
9''12'<'.5 


1301 
Oct.  3,  '04 
lOtii-D 

1311 

Oct.  6,  '04 

9''39'" 


1314 

Oct.  7,  '04 

9'.33™ 


1318 
Oct.  15,  '04 

9h22m 


1324 
Oct.  17,  '04 

9h4gm 

1329 

Oct.  18,  '04 

9''50'° 

1.336 
Oct.  26,  '04 

9b4Xm 


1344 
Oct.  27,  '04 


1348 

Oct.  28,  '04 

91.44m 


da 


tic 
de 


dc 
dd 

de 

'If 

'la 


dh 

fli 
dj 
dk 
dl 

dh 
dj 
dk 

dl 

dm 
dn 
do 

dm' 

dn 
dp 

dm.' 
dp 


dp 
dg 


dr 
ds 
dl 
du 
du' 

dr 
ds 
dl 
dv 

dy 
dr 

dt\ 
dv( 

dti 

dw 
dx 


5307 


.53I6« 


5316 
5316 

5319a 

5318 

5320 


5326a 

5321 

5321 

5320 

5320a 

5.32  Irt 

5321 

5320 

5320a 

5323 
5322 
5322 

5325a 

5322a 
5329a 

5325 
5329a 


5329a 
5332a 


5338 
5338 
5339 
5336 
5336 

5338 
5338 
5339 
5339 

5343 
5338 


5339 


longitude 


/5336 

15336 

5342 


121  ?3 


245  1 
161.2 


244.1 
235.6 
162  0 
160.6 
241.0 

108.3 


133  3 
129  0 
125  5 
107,1 
101.4 

134.4 
125  () 
107.3 

fioo  s 

100  .S 

(101.0 

53.4 
54.4 
45.7 

23.6 

25.0 

.57.6 

320.9 

23.9 
320.5 


320.2 
265.5 


2.32.6 
228.8 
219.6 
203.0 
209.8 

233.1 
228.4 
219.2 
213.9 

128.7 

/230.2 

1233.1 

f219.2 

J214.7 

213.1 

I215.O 

/198.9 

1198.7 

204.1 

202.9 

142.7 


31    1 
-22  1 


31.5 

32.5 

-22.01 

-21.5/ 

-12.5 

23.1 


16.8 
19.5 
19.5 
23.2 
23.3 

16.3 
19.2 
23.0 
24.7 
23.6 
22.9 
11.8 
-17.5 
-18.7 

13.01 
12.1/ 
-16.8 
-23.7 

13.4 
-23.4 


-23.7 
13.8 


Grbekwich 
Longitude       |        Latitude 
-16?5 


124?0 


244.5 
161.0 


243.9 
2.35.9 

160.7 

242.6 

107.5 


132.6 
128.5 
126.1 
106.6 
101.2 

133  3 
125.0 
107.4 

101.6 

.50  1 
51.5 
45.3 

23.4 

57.4 
320.9 

23.7 
319.9 


319.7 
263.9 


231.8 
228.6 
217.5 
201.9 
207.2 

232.2 
228.6 
216.3 
213.0 

128.8 
232.1 


215.8 


30.9 
-21.5 


31.0 
31.7 

-21.2 

-13.7 

23.6 


16.6 
19.0 
19.7 
23.1 
23.7 

16.6 
19.5 
23.8 

24.2 

12.5 
-17.0 
-18.0 

13.3 

-16.5 
-22.5 

13.2 
-23.3 


-23.5 
14.1 


13.6 
13.7 
10.9 
9.9 
9.4 

13.4 
14.2 
11.2 
11.3 

-10.5 
13.3 


11. 


204.4 
202.7 
141.9 


9.6 

9.7 

14.7 
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TABLE  XVlU—rn.,i;.,„ed 


Plate  Xuvbek  and  Date 


1354 

Oct.  29,  '04 

g'oO" 


1362 

Nov.  1,  '04 

lOf'OO" 

1366 

Nov.  2,  '04 

9''5o" 


1370 

Nov.  3,  '04 

9''23'" 

1380 
Nov.  4,  '04 

1391 

Nov.  12,  '04 

lini" 

1394 

Nov.  14,  '04 

lOi-Og" 

1404 

Nov.  22,  '04 

9''43° 

140S 

Nov.  23,  '04 

11''36"' 

1419 

Deo.  13,  '04 

10'24° 


142.3 

Dec.  14,  '04 

10^41-5 


Letter 


rfr 
dt 

dv 

du 

dw 
dy 
dz 


eb 


dy 
dz 


dy 
dz 


dy 
ec 

dy 
ec 

ed 


cd 


eg 


eg 

eh 

d 

em 

en 

eo 

ep 

eq 

er 

et 

el 

eu 

el 

em 

rn 

lO 

'/' 
"/ 


Greenwich 

N  L'  u  B  £  K 


nllELIOORAPH 


5338 

5339 
5336 
5336 

5343 


53430 
5343 


5343a 
5343 


5;543a 
5351a 

5343a 
535  In 

53.56a 


53.56a 


5360a 
5366 


5360<i 

5366 

5366 

SJSla 
5,383 

.538<)« 

5390(1 


5399a 

5.391 

5396a 

.5;i81n 
.5;J83 

.5.389-1 


Longitude 


.53!l9.i 
.5391 


2.32?6 
l218.8 
212.9 
214.2 
215.2 
2a3.9 
202.3 
210.2 
129.5 
119.3 
128.2 
126.3 
124.5 
123.4 

129.9 
120  0 


130.1 
122.7 


[130  8 

1129.5 

60.2 

1131   0 

\129  8 

60.3 

301.2 


301.3 


219.5 
245.9 


219.3 
245  6 
244.9 

.351.0 
.3.33.0 
f292 . 1 
\290  7 
2()9 . 7 
272  1 
270.5 
239.0 
2(i5 . 2 
240  0 

351 . 1 
333  0 
292  0 
290  5 
2(l.S  .S 
272  5 
239  2 
204.4 


Latitude 


Greenwich 


Longitude 


-17.71 
-17.4/ 
-16.6 


-17.71 
-17.5/ 
-16.5 

-22.5 


-22.0 


10.0 

27 

.6 

10.3 

26 

9 

29 

t 

20 

7 

16 

9 

12 

81 

12 

1" 

8/ 

15 

r> 

15 

:j 

16 

0 

23 

•> 

28 

5 

20.5 

16 

8 

12 

61 

12 

8( 

17 

7 

15 

4 

10 

3 

23 

5 

232?  1 
216.1 

203.8 
208.7 

123.6 


129.0 
119.5 


129.5 
119.8 


129.7 
60.1 

130.2 
60.2 

299.6 


300.4 


218.8 
244.6 


219.0 
245.7 
244.9 

.351.0 
335 . 1 

290.4 

268.8 


238.2 
264  3 
240.3 

350.8 
333.2 

290.8 

209.9 


238.6 
204.0 


Latitude 


12?8 
11.7 

9.9 
9.6 

-16.5 


-16.8 
-17.9 


■16.8 
■17.5 


-16.9 
-16.3 

-16.8 
-16.3 

-22.0 


-22.3 


10  3 

28.2 


10.4 
27  2 
29.4 

21.2 
16.6 

12.8 

17.3 


-16.3 
23  2 

28 . 9 

20.9 
16.3 

13.0 

17.0 


4 


16  0 
23  3 
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TABLE  XVm— Continued 


Plate  Number  and  Date 


1429 

Dec.  If),  '04 

111.04,,, 


1432 

Doo.  17,  '04 

llhi5„i 


14.38 

Deo.  19,  '04 

11''18"'.') 

1443 

Dec.  21,  '04 

UMl'-S 

14.50 

Dec.  30,  '04 

10i'42"'.') 


14.53 

Dec.  31,  '04 

10''51"' 


1467 
Jan.  12,  '05 


1470 

Jan.  13,  '0.5 

10i>,54"' 


1476 

Jan.  14,  '0.5 

10''.51'" 


1516 

Feb.  17,  '05 

lOi-Sl^S 


Letter 


em 

ere 

eo 

ev 

ex 

ep 

es 

et 

eu 

ew 

en 
eo 
ep 
ew 
ey 


fd 

/<■ 
ff 

fc    \ 
fd   / 

/«    1 
//    / 

f'J 
fh 

fi 
fj 
fl^- 
fl 
frn 

f'l 

/</ 
fh 

fi 

fk 

fl 

fm 

fn 

fd 
fh 

fi 

fk 

fl 

fm 

/" 

fP 

9f 

ge 
gd 
ge 
gb 

ga 


Greenwich 
Ndmber 


.5383 

53S9« 

5390 

5399(1 

.5391 

539B« 

5390 


5390 

5400/) 

5390 

5402 


5413 
.5413 

5413a 
54136 


5417 

5420a 

.5421a 

5416 

5424a 

5424c 

54246 

5425 

5417 

5420a 

5421a 

5424a 

5424c 

54246 

5425 

5417 

5420a 

.5421a 

5424a 

5424c 

54246 

5425 

5424 

5455 

5466 

54670 

5465 

5452a 


Spectrohelioobaph 


Longitude 


332?7 
f292.3 
1289.9 
290.7 
(291.4 
268.7 
240.0 
263.8 
/239.7 
(240.9 
267.5 

292.0 
288.7 
268 . 4 
266  7 
210  0 
237  3 

267.6 
209.1 
268.0 

245 . 1 


/  76.4 
1  75.4 
/  70.6 
1  71.5 

77.0 
70  3 


278.8 
263.2 
255.0 
330  2 
230.6 
219.2 
223 . 8 
242.6 

279.3 
263.6 
255.2 
231.1 
219.5 
224.7 
244.3 

279.2 
263.6 
255.2 
230.9 
219.0 
223.4 
245.5 
224.8 

196,1 
[112. 2 
111.7 
102.2 
167.8 
200.8 


Latitude 


-16  3 


-15.91 
-14.3/ 
-16. 0\ 
-16.7/ 

-15.5 
-16.0 


11.7 

17.3 

20.7 

-16.8 

9.6 

9.5 

9.3 

19.4 

12.4 

17.4 

20.9 

9.3 

9.5 

9.2 

20.0 

11.9 

17.2 

20.8 

9.0 

9.9 

9.1 

20.2 

8.3 

19.9 
-22.91 
-22.0/ 

18.8 

10.4 

20.9 


Greenwich 


Longitude 


332?7 

290.4 

268.1 
2.38.6 
262.8 

239.7 

269.4 


Xo  plioto 


267.7 
208.4 
266.8 

243.4 


72.7 

76.4 
70.7 


278.2 
263.2 
255.0 
329.0 
230.5 
219.3 
224.9 
241.9 

278.5 
263.2 
255  0 
2.30.7 
219.1 
223.7 
243.8 

278.6 
263.0 
2.54  6 
2.30.5 
218.6 
223.4 
244.8 
224.9 

196.3 

110.8 

101.3 
167.7 
200.8 


Latitude 


17?4 

12  5 

18.0 

-16.8 

23.5 

29.1 

15.4 


graiili 


17.8 
12.6 
15  2 

-15.7 

-14.8 
-16.1 

-14.9 
-15.6 


12.0 

17.6 

20.8 

-16.2 

9.5 

9.2 

10.0 

19.4 

12.1 
17.7 
20.8 
9.3 
9.7 
9.4 
19.6 

12.1 
17.5 
20.9 
8.9 
9.8 
9.4 
20.0 
8.1 

19.3 

-22.2 

17.5 
10.2 
21.1 
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TABLE  Xyni— Continued 


Plate  Xcmbeb  and  Date 

Greekwicr 

SPECTBOHELlOnBAPH 

Greenwich 

NCUBSR 

Longitude 

Latitude 

Longitude 

Latitude 

1519 

Fob.  18,  U5 

10''54°' 

9l> 
99 

5469a 
5466 

76?7 
104.7 

-15?6 
-21,7 

77?4 
105.8 

-14?9 
-22  4 

1529 
Feb.  28,  '05 

lo^n-^s 

go 

9" 
9l 
9k 

.5471a 

[335.3 
331.9 
329  4 

328  0 
32S  0 
333.2 

-17,31 
-17,5 
-17,6 
-19,7 
-17,2 
-18,2 

■ 

330  7 

-17.4 

99 
9P 
gm 
9} 

.5471 

.5470b 
5470 

:326.5 

325.7 

324  7 

34.6 

40,1 

-16,31 

-15,8 

-17.2 

6.7 

6.0 

324,8 

33.8 
39.3 

-16,3 

6,5 
6,6 

1535 

M.ir.  1,  'a5 

ll''02-?5 

gt 
go 
g>t 
gi 

.5471 

329.6 
329.4 
327,0 
327,6 

*  -16,81 
-18.0 
-19.7 
-17,1 

gp  \ 
gi  1 

gm 

gk 
gi 

325,2 

324.5 

333.1 

.39,9 

-16,0 
-16.9 

324.6 

330.7 
39.9 

5471 

-16.3 

.5471a 
5470O 

-17,9 
5.9 

-17.2 
6,6 

1.543 
Mar.  8,  '05 

ling- 

I 

lul 
he 

hb 

ha 
ffz 
99 
91 
gw 

gv 

gu 

.5473 

.5473 

5473 

.5477a 

.5473 

.5473 

5473o 

5473 
5471c 

r277.1 
1.278,1 
272.4 
271,2 
303.0 
279.3 

«>79    1 

13,11 

13,1/ 

9  3 

9,5 

17.5 

7  4 

7,2 

10,91 

10, 7[ 

12, 2j 

9.7 

-15,6 

279.0 

11.9 

303,0 

278.2 

18.1 
8.2 

[263.8 
265.4 
268,1 
278,5 
324,2 

270,4 

277.9 
324.1 

10.2 

10,6 
-14,8 

1546 

hi 
hh 
hf 
he 

5473 
5473 
.5473 
5473 

275.1 
2.50,6 
277,7 
278  S 

7.7 

8,8 

13,4 

13  1 

Mar  9   '05 

IINM" 

hd   \ 
he  1 
hb 

g» 
gz 

hg  1 

gx 

gw  J 

9V 

5473 

5477 
5473 

272  0 

.302  9 

279.0 

272.6 

[267.3 

1266.4 

1265,6 

268,1 

9.8 

17.4 
9.5 
7.4 
10.81 
10,91 
10, 9[ 
12,5 

278,8 

10,0 

.5473(1 

269  2 

10,1 

/264,2 
\263,4 

13,91 

12,3/ 

1.561 
Miir.  30,  'a5 

ei 
1- 

IK 

5489 
5491 

/325,3 

1326,7 

301,2 

-14,51 

-16,5/ 

16,9 

325,2 
.300  9 

-15,4 
17,0 

1.5C5 

Mitr.  31,  'tt5 

UMS- 

ei 

vk 

.5489 

324.7 
.325.  S 
3(K).l 

-14,51 

-10.8/ 

17,2 

325  (1 
301.7 

-15.0 
17.0 

1572 
Apr.  1,  '05 

ei 

.5489 

/324.5 
(.326  0 

-14.91 
-17.0/ 

324  7 

-15.4 

Thk  Rot.atiox   Peuiod   of  the  Sun 


187 


Plate  Ndmber  and  Date 


1588 
Apr.  17,  '05 

9^58 '" 


1590 

Apr.  IS,  '05 

9''31"' 

UiOl 
Apr.  28,  '05 
9i'37"'  ■ 


1604 

Apr.  29,  '05 

10''35"' 


1625 
May  26,  '05 

lOhlO"' 

1626 

May  27,  "05 

10i'03"> 

1630 

May  31.  '05 

lOi-Se- 

1634 

June  1,  '05 

IC-OS"" 


1640 

June  2,  '05 

11*30" 


1044 
June  3,  '05 
10''34'" 


164S 

June  5,  '05 

llMe-n 


1056 

June  6,  '05 

10>'08'" 


Letter 


ho 
hn 
km 
hi 

hk 
hj 

hn 
km 
hj 

hv 
hp 
hq 
hr 
hit 
hs 
hi 

I'P 
hit' 
hi 
hx 


hz 
hu 

hz 
hi, 
ib 

ic 
id 
ie 


id 

if 
ih 

ig 

id 

if 
W 

id 

y 
'/ 

ig 

id 
id' 

■if 

a 
ik 
ig 

il 

ip 
id 
if 
im, 
in 
io 
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Gbke.nwich 
Number 


5510 
5509 
550.5« 
5502fl 


5501« 


550.5a 
550 1 « 


5512 
5512 
5512 
5512 
5512 
5512 


5542rt 
55426 

5546« 

5546 


SPECTBOHELIOORAPH 


Longitude 

112?  I 
68.1 
87.9 
107.8 
110.9 
117.8 

69.1 

87.6 

117   I 


3.-)9.8 
350.3 
349.2 
347.8 
347.0 
345.7 
343 . 1 


5512 
5512 
5512 
5516 

351.3 
348.3 
343.0 

249.7 

5.539 
5.539 
5540 

347.0 
342.7 
293.4 

5539 
5540 
5540 

342.6 
294.8 
290.1 

5540 
5542a 

296.3 
/173.9 

1172.8 

5542a 
55426 

174.1 
168.2 
168.3 
161.9 

5.543 

5542a 

55426 
5.543 

fl74.6 
■173.8 
173.3 
167.2 
161.0 

5542a 
5542 
55426 
5543 

fl74.5 
173.7 
173.0 
170.1 

fl67.8 
167.2 
166.5 
160.8 

5542rt 

/173.9 
1171.6 

5.5426 

/167.4 
1167.2 

5542 

5.54(ia 

fl62.5 

1162.0 

(160.7 

106.8 

198.4 

174.0 

107.1 

/109.6 

1105.7 
101.5 


Latitude 

18?2 
-14.0 
-13.7 
-21.5 
-22.0 
-20.9 


-13 

.8 

-13 

.8 

-21 

.1 

-21 

5 

12 

4 

13 

2 

13 

2 

13 

3 

12 

2 

14 

8 

12 

7 

12 

4 

14, 
-17 

1 

13. 

7 

15. 

) 

4.. 

2 

15.8  . 
4.8 
3.0 

6.6 
10.1] 
10.0/ 

10.0 

9.5 

11.5 

13.1 

10.5 
10.6 
10.7 
9.9 
13.1 

10.4 
10.4 
10.4 
11.1- 
10.1 
10.0 
9.9 
13.2 

10.41 
10.9/ 
10.31 
10.3/ 

13.6 
11.2 
12. 8j 

-  8.7 

24.7 
10.2 
10.4 

-  8.51 

-  9.8/ 

-  6.9 


Gbebnwich 


Longitude 

1I1?7 
67.9 
87.9 

108.0 


117. 


87.7 
117.2 


348.2 


342.8 

3.50.1 
347.5 
342.4 
249.1 

346.6 
343.9 
292.2 

342.3 
294.1 
291.3 

296.1 

172.0 

173.3 
168.8 


161.4 


173.5 

167.9 
161.3 


173  5 
170.0 
166.8 
161.3 
173.1 
167.7 

162  1 
105.1 


172.2 
165.3 

103.2 

98.4 


Latitude 

I8?5 
-13.6 
-13.2 
-20.9 


-20.5 


-13  4 

-20.8 


12.7 


14.3 

12.6 

13.1 

14.4 

-16.5 

12,7 
14.4 
4.6 

15.9 
5,1 
3.4 

5.6 
10.3 

10.0 
10.2 


13.1 


10.3 

10  2 
13.1 


10  6 
11.3 
10.3 
13.8 
10.6 
10.7 

11.9 
5.9 


10.5 
10.7 

-  7.4 

•  6.6 
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IWRT.K  Win 


Plate  Npubkii  and  Date 

Kettku 

Gheeswich 

Svf 

'.KAPU 

Gbsenwicb 

NrUBER 

Longitude 

Latitude 

Longitude 

Latitude 

1662 

June  S,  '05 

9t'30" 

ir 
if 
'</ 
ml 

ix 

.5.548a 

.55426 

5542 

5546a 

.5.550a 

183?3 
167.5 
162  4 
107  0 
70.0 

-18°4 

11.0 

11.5 

-  8.8 

-16.2 

182?5 
166.9 
162.4 
106.5 
69.8 

-17?5 

11.4 

12.0 

-  8.6 

-15.9 

1066 

June  13,  '05 

3b24» 

I'.S 

ill 
it 

5550<i 
55.52<i 
.5553a 

71  0 
.55  4 
53  3 

-16.2 

19.2 

-15.0 

70.6 
.56.1 
52.4 

-15.9 

19.5 

-15.1 

166S 

June  14,  'a5 

10''09"> 

is 

ill 
it 

.5.550n 
5552a 
.").5.")3n 

70.7 
55.7 
53.1 

-16.8 

19.0 

-16.0 

70.5 
.55.7 
.53  3 

-15.9 

19.4 

-15.1 

1677 

June  15,  '0.i 

3M)5" 

iv 
is 
ill 
it 

55o9a 
5.550(1 
5.5.52o 
5.")53a 

332  7 

71.2 
55.5 
54.8 

-23.7 

-16.7 

18.9 

*    -16.2 

332.1 
70.3 
56.0 
53.1 

—22.2 

-16^6 

18.9 

-15.7 

1682 

June  10,  '05 

10''04"> 

ir 
is 
iu 
it 

55.59a 
.5.5.50a 

.55.52(1 
5553(1 

332.0 
71   1 

.55.4 
.53.7 

-23.5 

-16.4 

18.8 

-16.0 

331.9 
70.5 
55.1 
53.4 

-23.2 

-15.9 

19.1 

-15  3 

1686 

iw 

5559a 

331.5 

-23.3 

329.4 

-23.1 

June  21,  '05 
11''00'" 

1689 

ix 

5.564 

'     258.8 

6.5 

2.58.3 

6.2 

June  22,  '05 
lO'-So"    ' 

1692 

June  24,  '05 

10^44" 

iy 

iz 

5564a 
.5.5646 

264.6 
255.7 

5.0 
5.5 

263.6 
255.8 

5.6 

5.8 

2208 

Apr.  27,  '07 

llb44m 

jd 

je 

jb 

6172a 

6175 

6175 
6179 

78.7 

/  54.5 

\  53.0 

57.9 

55.9 

6.1 

-  8.41 

-  7.0/ 

-  6.4 

-  3.0 

78.1 

54.0 

.57.3 
55.3 

6.7 

-  6.9 

-  6.1 

-  2.5 

2220 
May  2,  '07 

if 

6180 

6.3 

-22.5 

5.0 

-22.5 

2224 
Mav  4,  '07 
9''55°' 

J9 

0181 

(llsl 

.326  2 
319.8 

-  0  2 

-  9.1 

325.1 
320.8 

-  8.5 

-  8.7 

2226 

May  6,  '07 

gMO- 

30 

V. 
J' 

61S1 

6181 
6184 
61  Sid 

328.5 
.324.5 
320.1 
2.50.3 
246.1 

-  9.01 

-  9.7/ 

-  8.4 
-10.0 
-12.8 

327.0 

321 . 1 
249.4 
245.0     - 

-  8.5 

-  9.1 

-  9  7 
-13.0 

mJv  t",  '07 

(ilSI 

6181(1 

01S2 

01S4 

0184(1 

0185 

329.8 
319.7 
305  5 
247.0 
240 . 1 
244  2 

-  7.7 

-  7.9 
16.0 

-16.8 

-13.8 

4.2 

329.1 
319.3 
305.5 
247.5 
245.6 
244  0 

-  7.7 

-  8.0 
16.0 

-15.4 

-13.1 

5.2 

^,  '07 

Jh 
Jk 
J" 
>i 
Jl> 
jl 
J" 

0181(1 

OIK-.' 

01fS4 

0184(1 

I,  Is.-,', 

321  0 
305 . 1 

240  S 
210.0 
214    1 
245  3 

241  1 

—   7.7 

16.0 

-16  0 

-13.81 

-14. 4J 

4.0 

3.5 

319.4 
305  0 
247  6 

245  6 

244.7 
241.0 

-  7.8 

16.3 

-14.8 

-12.9 

4.9 
3,9 
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TABLE  XVm— Continued 


2250 

May  9,  '07 

9''10"' 


2258 
May  11,  '07 


2260 

May  13,  '07 

10''26" 


2265 

May  17,  '07 

10''56'" 

2270 

May  18,  '07 

9h43m 

2275 
May  20,  '07 

9h57m 


2278 
May  21,  '07 


2292 

June  5,  '07 

10i>i4m 

2298 

June  6,  '07 

10''23'?5 

2301 

June  8,  '07 

9h.52'ii 

2309 

June  13,  '07 

10''37«?5 


2314 
June  14,  '07 

9h45m 


Ji  \ 
jo 


jl 
jo 

jl 

jl 
jl' 
jl" 

jl 
jo 
jo' 

jl- 


jl 


jl 


Jl 
> 

jl 

ju 

jl> 


JW 


J  I" 


JW 


kc 
kb 
ka 

J2 

JV 
jx 


kd 
kc 

J2 

jy 

jx 


6182 
6184 

6184o 

6IS5«, 
618-56 
6185 

6185a 

(ilK4o 

61856 
6187 


6185a 

6185 
6184a 

61856 

6187 


6187 
6189a 


6187 
61890 


6189a 

6191 

6190 


6189a 

6191 

6190 

6197a 


6197a 


6197a 


6202 
6202 
6203 
6202 
6204 
6201a 


Longitude 


304?5 
247.0 
(246.5 

245.2 
(244.2 

247.4 
/241.5 
1240.6 

240.3 


249.0 

246.5 

/241.6 

1240.7 

176.8 


/251.4 
1249.0 
247.6 
247.0 
/241.0 
1241.4 
176.5 


175.7 
82.6 


176  4 
82.6 


82.3 
56.6 
46.8 

82.3 
57.2 
47.5 


Latitude 


271.3 


271.4 


271.5 


109.8 
115.6 
131.5 
117.4 
117.0 
127.3 


6205a 

69.5 

6202 

/109.9 
1109.7 

6202 

117.7 

6204 

117.2 

6201a 

127.4 

16?2 

-16.0 

-13.2 

-15.1 

-14.1 

3.9 

3.01 

4.0/ 

4.7 


4.6 

-13.3 

3.3 

3.9 

-11.3 

4.81 
5.3/ 
4.5 

-12.9 
3.31 
4.8/ 

-14.3 

-11  6 
7.4 


-117 
7.1 


7.1 
3.2 
6.1 


/.2 
3.1 
5.9 


-16  3 


-16.8 


-16.0 


11.0 

9.8 

6.3 

10.2 

-21.9 

-20.3 

17.0 

11.31 

12. U 

10.8 

21.1 

20.0 

Longitude 


Greenwich 

Latitude 


304  ?5 

247.1 

246.1 

246.8 
241.1 
240.3 

248.6 
245.8 

241.4 

176.0 

251.2 

247.5  ' 
246.3 

241.4 

175.6 


175.2 
81.8 


1 75 . 7 

81.7 


82.2 
53.3 
45.9 


82.4 
56.7 
47.1 


270 


270.8 


272.6 


109 

.S 

116 

.0 

131 

.0 

116 

.0 

117 

5 

126 

9 

69 

3 

109 

8 

116. 

9 

117. 

0 

127. 

1 

16?8 
-15.5 

-12.9 

4.4 
3.5 
5.4 

4.8 
-12.7 

3.7 

-11.3 

5.4 

5.2 
-11.9 

4.6 

-13.7 


11.0 

8.2 


-11.1 
8.4 


7.9 
4.9 
5.5 


7.7 
3.6 
5.5 


-15.9 


■15.9 


-15.8 


11 

.6 

10 

.7 

6 

.6 

10.7 

-21 

2 

-19 

6 

-16 

8 

11 

4 

11. 

0 

20. 

9 

19. 

7 
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Plate  Ncwsrit  *sd  Date 


2329 

June  IS,  '07 

10'^02» 


2:«3 

June  19,  '07 

ll''52°' 


2335 

June  20,  '07 

91,240. 


2339 
June  22,  '07 


2352 

June  26, 

ll'','iO" 

'07 

23.W 
June  27, 
9b27" 

'07 

'2:JW 

June  2>>, 

10^2'J' 

•07 

2301 
June  'M, 

'.1' 

'07 

'.',(■- 

231S     _  j 

June  15,  '07  I 

9h42'" 


2324 
June  17,  '07 

9hl4n. 


Letteb 


kr 
J'J 

k'J 

kd 

kf 
ke 

jy 

kh 

kg 

kS 
ke 
hi 

jy 


k<J 


kf 
kc 
kd 

i2 


kg 

kf 
ke 
kd 


kc 


kg 
kd 

ki 


k-i 


ki 


TABLE  XVUI— Con/i««ed 


Greenwich 

XrMPi;n 


6205a 

6202 

6202 

6204 

6201(1 


6205/( 
0205o 


620.5c 

6204 

6201a 


6202 

6205 

\6205 


6205c 
6205ii/j 
6202 
6204 


()205(; 

r.20r) 

ti-JII.',c 

r,2(v_> 

6202 


'(•)205 
■(i2l).". 
C.-JO.',/, 

ivjo:, 

(■.20.»- 
0205(J 


6205f 


620.')') 
620.')<i 

1)200 


620!  t 


620' t 


(•.2(K» 


Spectroheliocbaph 


1 


(ill.  , 
6S  0 
UW.S 
118.2 
117.1 
127.4 


67.5 
65.9 
63.2 
OS.  6 
69.9 
08.7 
60.5 
116.5 
127.6 


109.9 
•  64.6 
67.2 
70. S 
60.2 
6S.9 
119.I 
116.5 


f.58.8 
60. S 
61.9 
.59.6 
60.  S 
62.8 
66.8 
68.7 

271   5 


ri.4 


273 . 


Latitudi- 


-17.2 

11   4 

11.3 

-21.0 

-20.0 

-15.2 
-12.2 
-14.8 
-17.1 
-19.5 
-19.0 
-11.6 
-21.7 
-19.3 


3.4 


3.7 


4.0 


4.8 


Greenwich 


Longitude 


61  ?2 
69.0 
109.1 
117.6 
116.7 
127.0 


66.1 
68.7 


60.7 
116.7 
127.1 


109.4 
63.1 
65.1 


60.5 

67.8 

118.9 

115.8 


66.2 


71.1 

60.3 

68.6 

119.4 

116.8 

71.5 

61.1 

66.0 

71.8 

59.6 

68.6 

61 . 1 


66.2 
08.0 

270.9 


270. 


271  5 


272.9 


Latitude 


-11?8 
-16.8 
11.7 
11.3 
-20.8 
-19.6 


-14.3 
-17.0 


-11.7 
-21.4 
-19.6 


11.6 
-13.2 
-16.7 


-10.8 

-15.3 

12.1 

-21.5 


-13. S 


18. 

5 

10 

9 

16 

5 

12 

3 

11 

7 

13 

2 

12 

1 

13 

7 

18 

1 

■10 

4 

■16 

.6 

11.3 


■13.7 
■16.6 

3.8 


3.8 


1  li 
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PlBLI  CATIONS    OF    THE    YeRKES    OBSERVATORY 


TAIU.i:  will— Continued 

Spectroheuoorafh 

Greenwich 

Letter 

Gbeenwicb 

Plate  Niubeb  and  Date 

NUUBEH 

J234a          1 

Longitude 

Latitude 

Longitude 

Latitude 

2452 

Ic 

27V5 

15?1 

26°5 

14°9 

Auk.  12,  '07 

lb 

6233(1 

57.3 

-19.7 

57.0 

-19.3 

lOMX)"' 

2460 

l.l 

62350 

94.6 

17.8 

94.0 

19  0 

Auk.  14,  '07 

k 

6234a 

27.5 

15.0 

26.8 

15.3 

lb 

6233rt 

57.3 

-19.7 

57.4 

-19.1 

2465 

Ih 

6236b 

326  1 

-27.2 

325.5 

-27.0 

AuR.  16,  '07 

Ui 

6236 

333.2 

-21.8 

333.0 

-21.1 

10'' 53" 

If                         6236a 

3.39.0 

-23.5 

338.5 

-23.0 

/,■                         6234 

27.7 

14.9 

27  2 

15.8 

//; 

6233a 

56.5 

-20.0 

55^9 

-19.2 

246S 

li 

623Sa 

309.8 

-  8.2 

309.9 

-  8.0 

AuR.  17,  '07 
IIMQ" 

Ih 

/62366 
\6236 

325.2 

-26.9 

325.5 

-26.2 

327.6 

-25.7 

328.3 

-24.5 

r6236 
\6236 

333.1 

.   -21.5 

333.5 

-20.6 

ly 

336.3 

-21.4 

335.2 

-21.9 

If 

6236a 

338.6 

-23.5 

338.7 

-22.7 

Ic 

6234 

27.7 

15.0 

26.9 

15.4 

lb 

6233a 

56.2 

-20.0 

54.7 

-19.0 

2470 

ij 

6239a 

264  S 

-13.7 

264.7 

-13.4 

Auk-  22,  '07 

ti 

r>23Sa 

31  lO 

-  8.1 

310.6 

-  7.5 

lO'll™ 

ih 

6236 

;52o .  1 

-25.8 

324.8 

-24.7 

hi 

6236 

330.7 
f335  2 

-24.0 

-24.8] 
-24.0 
-21.0 

-21. 5j 

3.30  6 

-23  2 

IJ 

6236a 

336.6 
3.38.0 

336.1 

-23.4 

13.39.7 

2477 

Ik 

6240 

263.4 

-  9.2 

265 . 8 

-  S.I 

Auk.  23,  '07 

Ij 

6239a 

2()5 . 1 

-13.7 

264.5 

-13.7 

gi'SS"- 

li 

623Sa 

311.3 

-  8.5 

311.1 

-  7.7 

ih 

6236 

326.0 

-26.0 

324.1 

-24.7 

Id 

6236 

330.7 
f337.6 

-24.4 
-24.4] 

332.0 

-22.8 

If 

6236a 

336.0 
[333.7 

-22.2 

336.3 

-23.7 

-22. 8j 

2480 

Im 

6239 

231.7 

-13.2 

231.5 

-13.0 

Auk.  24,  '07 

U 
Ij 

241  6 

-12  7 

6239a   ""' 

264.  S 

-13.8 

264!5   " 

""-is.i"" 

li 

623Srt 

311.9 

-  8.6 

310.9 

-  7.9 

1(1 

(i23C> 

330  7 

-24.2 

329.2 

-23.4 

2501 

It 

62.>ja 

5.3 

9.0 

4.9 

9.1 

Sept.  12,  '07 

r62.52</ 

24.3 

-  4.2 

24.1 

-  6.6 

lOMS- 

h 

62.52c 

25.4 

-  4.0 

24.9 

-  4.2 

(62.52 

26.4 

-  4.0 

26.5 

-  5.7 

Ir 

62526 

29.8 

-  6.0 

28.8 

-  6.0 

I'l 

6247a 

38.2 

-   7  9 

37.3 

-  7.4 

If 

62.516 

84.8 

25.8 

84.0 

26.2 

2505 

tu 

62.56/1 

308.6 

7.0 

308.4 

6.9 

Sept.  13,  '07 

lu 

6255a 

326.8 

-23.8 

327.1 

-23.5 

I0''35- 

U 

6253a 

5.3 

9.0 

5.2 

9.0 

f  6252c 

24.5 

-  3.9 

23.9 

-  3.7 

U 

6252</ 

22.7 
24  3 

-  6.0 

—  7  9 

23.4 

-  6.5 

Ir 

62.526 

30  4 

-  5.9 

21V8 

'-'.V5   '" 

IQ 

6247.. 

.'iS.O 

-  8.0 

37.4 

-  7.4 

250!( 

Iv 

62.56./ 

.•iO'.l  (1 

6.5 

308.1 

6  6 

S«pt.  14,  '07 

lu 

62.5.5*i 

326  6 

-23.8 

326.2 

-23.7 

UMO'" 

It 

62."..!./ 

6.3 

9  2 

5.7 

9.3 

(62.")-.' 

25  3 

-  4.2 

26.2 

-  4.3 

u 

]62.'.2r 

23  .3 

-  5.2 

24  2 

-  3.5 

62.52'/ 

23  3 

-  o.« 

•     22.6 

-  fi.O 

Ir 

i\-jr,-ji, 

31.3 

-  6.3 

30  0 

-  5.6 

I'l 

<\-2\7u 

3S   3 

-  8.2 

37.1 

-  7.5 

4 
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Plate  Number  and  Datk 


2538a 
Oct.  S,  '07 

91,32  m 

2542 
Oct.  9,  '07 
10''23"' 


IjKTTKrt 


Oreenwxck 
Number 


2551 

Oct.  17,  '07 

11 '■05'". 


2554 

Oct.  IS,  '07 

lOi-OS"' 


2557 

Oct.  21,  '07 

10''33"'2 


2560 

Oct.  22,  '07 

10i'32'" 


2564 

Oct.  23,  '07 

ll'>00'» 


256.S 
Oct.  25,  '07 

9h51m 

2615 

Dec.  19,  '07 

lli'23'° 


Iw 
Ix 
Iz 

Iw 
Ix 

ly 

h 
ma 

mb 

mc 

md 

mf 

mg 

mh 

mi 

mj 

mk 

ml 

mm 

mc 

iiiii 

mf 

mg 

mh  \ 

mi  / 

mj 

mk 

ml 

linn 

mg 

mf 

mo 

mh 

mk 

ml 

?n>i 

mm 

mp 

mf 

mg 

mh 

mk 

ml 

mm. 

mo 

ms 

mf 

mg 

■mh 

ms 

mk 

ml 

mm 

mr 

mr 


mu 
mv 
m,w 
mx 


6273« 
6276 

6275a 

62730 

62756 

6276 

6276 

6276 

fi279« 
62so<; 
62S26 
6282c 

62S3n 

(i283 
62S:if, 
(i2S.lr, 
(i2S5a 

fi279« 
62S0o 
62826 
6282rf 

6283a 

6283 
62836 
6284a 
6285a 

6282d 
62826 
6283 
6283a 

62S4a 

62856 
6285a 
6285c 

62826 

6282rf 

6283a 
62846 
6284c 
6285a 
6283 


62826 

6282d 

6283a 

6283 

62846 

6284c 

6285a 

6289a 

6289a 


63230 
63236 
6325 
6324a 


Spectbohelioqbaph 


Longitude 


46°8 

36.9 

356.5 

48.4 

37.2 

42.3 

358.6 

3.')6.2 

352.5 

315.1 
311.3 
254.3 
252.4 
/238.6 
;237.3 
237.6 
232  2 
228.8 
220.8 

317  1 
311.S 
2.54.9 
2.52.6 

238.3 

237.6 
232.5 

228.8 
220.9 

254.4 
255.9 
241.9 
239.0 

/229.8 
1228.3 
222.5 
221.8 
219.7 

255.8 
/254.4 
1254.5 
238.9 
2.30.1 
228.3 
221.9 
243.6 
2.36.5 

2.56.4 
254.8 
239.2 
237.0 
2.30.5 
228.5 
220.8 
143.1 

143.6 


223.1 
213.8 
184.4 
143.6 


Latitude 

-10?0 

-  6.0 
-23.8 

-  9.3 

-  6.0 

-  9.2 
-24.0 
-24.0 
-22.7 

-  6.5 
7.2 
5.9 
5.7 
8.4] 
7.9/ 

10.6 
8.2 
8.3 

10.8 

-  0.6 
7.6 
0.1 
5.4 

8.2 

10.4 
8.3 

8.2 
10.0 

4.1 

5.1 

9.1 

8.1 

7.31 

7.5/ 

9.1 
10.7 
10.1 

6.0 

5.21 

4.0/ 

8.7 

7.7 

8.0 
11.2 

9.0 
10.1 

4.7 
4.8 
8.1 
9.8 
7.3 
7.7 
11.0 
-15.9 

■16.1 


-16.0 
-15.3 
■18.8 
■  5.1 


Greenwich 
Longitude 


36°7 
353 . 1 

47.6 

37.3 

42.9 

357.5 

355.6 

352.6 

315.2 
310.6 
254.1 
252.0 

237.9 

236.9 
232.4 
228.1 
220.8 

315.9 
311.4 
254.1 
252.1 

237.8 

235.0 
232.0 
228.3 
220.9 

253.0 
254.5 
240.2 
237.7 

227.7     • 

221.5 
220.8 
218.2 

254.4 

253.0 

237.6 
228.7 
227  3 
220.9 
242.3 


255.4 
254.5 
238.7 
236.6 
229.9 
228.4 
221.8 
142.3 

143.1 


220.8 
212.6 
182.6 
143.5 


Latitude 


-  6?2 
-23.7 

-  9.5 

-  5,9 

-  9.1 
-23.2 
-23.5 
-22.4 

-  6,0 
7.7 
6.1 
5.4 

8,2 

10,4 
8,1 
8,0 

10,7 

-  6,2 
7,9 
6,2 
5.0 

8,8 

9,1 

8,4 

8,1 

10.6 

4.2 

5.7 

10.2 

8.4 

7.8 

9.0 
10.7 
10.3 

5.6 

4.0 

8.6 

7.5 

8.1 

10,9 

8.9 


6.2 

3.9 

9.2 

10.1 

7.8 

8.3 

11.3 

-16.3 

-17.0 


-15.6 
-15.6 
-18.0 
-  5.0 
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1  \m.K  \yU\— Continued 

„                    .     „                             SPECTROBEUOaRAPH 

Greenwich 

Plate  NrjiBEH  and  Date 

LSTTEB 

Greenwich 

XCMBER 

1 

Longitude 

Latitude 

Longitude 

Latitude 

2(V20 

7111' 

o323b 

214°6 

-1.5^8 

213?3 

- 15?4 

Dec.  20,  '07 

Will' 

6325 

1S6  2 

-18.8 

184.9 

-18.7 

ll''3«'° 

WX 

63240 

143.7 

-  5.4 

143.6 

-  5.0 

2f>S2 

»a 

fi40r«i 

307.4 

-  4.0 

.306.6 

-  3.0 

Apr.  20.  'OS 

vf, 

6407<i 

294.6 

-  8.7 

293.8 

-'8.1 

lOM;}" 

2C85 

■na 

6406(1 

307.6 

-  3.3 

306.9 

-  2.8 

Apr.  21,  '08 

nb 

6407rt 

294.9 

-  8.0 

294.3 

-  7.5 

lOMO™ 

26S9 

nn 

6400(1 

308.2 

—  2  2 

.•306.9 

-  2.7 

Apr.  22,  'OS 

7d, 

6407« 

29.5. 1 

.    -   7  3 

294.5 

-  7.8 

OhgOn. 

2702 

lie 

6436(1 

332.4 

113 

332.0 

11.2 

Mav  20.  '08 

lOMM™ 

, 

270.-) 

iir 

6436a 

332.1 

11.4 

.331.9 

11.5 

M:iv21,  '08 

10''2S'» 

2709 

ne 

6436(1 

.3,32.4 

12.0 

.331.9 

11.5 

M.1V  22,  '08 

lie' 

643S 

322.1 

-21.5 

321.0- 

21.7 

10''42'° 

2714 

ml 

6440(1 

1.59.1 

-15.0 

1.5S.6 

-14.7 

June  1,  'OS 

?«■ 

6441  (J 

144.7 

-   3.2 

144.0 

-  2.8 

gbigm 

"f 

6440(1 

104.4 

-11.8 

103.9 

-11.2 

nli 

644.W 

/106.6 
;  10.5. 5 

11. 5\ 
11.0/ 

105.4 

11.5 

"J 

6447 

100.5 

11.4 

100.6 

11  0 

nd' 

6449(1 

186.7 

-  9.1 

186.2 

-  9.1 

ne' 

0449/; 

183.8 

-  9.6 

183.6 

-  9.3 

nfc 

6450 

144.9 

10  1 

144.5 

10.4 

2719 

nd 

6440a 

158.8 

-14.9 

158.4 

-14.6 

June  2,  '08 

ne 

6441(1 

144.9 

-  3.0 

144.1 

-  3.2 

9''44° 

"/ 

6446(1 

105.4 

-11.2 

105.1 

-11.1 

ng 

/6448a  I 
\64486/ 

94.4 

-113 

/96.9 
\93.8 

-11.8 
-10.6 

nh 

f    107.4 

11.01 

644.'-)a 

/106.3 

I1l04.7 

11.1 

105.9 

11.1 

ni 

10.9 

"J 

6447 

1(K).0 

12  0 

100.5 

10.8 

nk 

64.')()(i 

146  1 

10  0 

145.7 

9.8 

272o 

ne 

0441(1 

146.0 

-  2.9 

145.1 

-  2.9 

June  4,  '08 

nd 

6440(1 

1.58.8 

-14.0 

1.58.0 

-14.2 

9''29'° 

[93.8 

-10.7 

"ff 

644S() 

93.2 
[  94.1 

-11.5 
-12.9 

94.1 

-11.6 

71 /l 

644.5a 

108.5 
'100  7 

10.3 
10.2 

107.4 

10.7 

71 1 

644.') 

■  105  9 
i 105.0 

10.0 
10.3 

104.8 

10.7 

"j 

6447 

100.8 

12.2 

100.7 

12.0 

,d 

644S(i 

100.0 

-11.2 

99.1 

-11.6 

2730 

Uf 

6441(1 

147.0 

-  3.0 

145  4 

-  2.8 

June  5,  'OS 

"f 

6446(1 

107  2 

-10.9 

107  0 

-10.6 

lo'm- 

"II 

04IR/. 

/  93.5 
i  94  () 

-11   1\ 
-12  2J 

94.0 

-11.5 

«h 

()44."«i 

l(K)  l> 

10.1 

lOS.S 

10.2 

ni 

644.'-| 

107  4 

10  1 

KHi  3 

10.2 

"j 

6447 

1(11  2 

12.1 

100  6 

12.3 

„l 

f0448 
\6448a 

102.0 

-10.9 

101.2 

.      -10.6 

99.7 

-11.5 

99.2 

-11.6 

II  m 

0451 

102  8 

-17.0 

101.8 

-16.9 

Thk  Dotation    Period   of  the  Sun 


TABLE  XVm-Conlinued 


Plate  Nimiiek  and  D^^ 


2733 

June  (),  'OS 

lOMO"' 


2748 

June  15,  'OS 

llb44mi 

2753 

June  16,  'OS 

10'>12"'2 

2768 
June  24,  'OS 

•2774 
June  25,  '08 

27S1 
June  26,  'OS 
9''26'"0 

2789 
June  27,  '08 

8''57'!'7 


2805 
July  8,  '08 
9''21"'    . 


2809 
July  9,  'OS 
9''23?8 


2813 
July  10,  'OS 

2i'18'"0 


2820 
July  1 1,  'OS 

10''45'"6 


2837 

July  15,  '08 

r0''33'"6 

2840 

July  21,  'OS 

10M6'"2 


Letter 


nf 

ng 

nh 
rij 
nl 
II  m 

II H 

no 


71  p 

nr 


np 
nr 


np 


np 
iiq 


nl 
nil 


nu 

nu' 

nil' 

nw 

nx 

ny 

nz 

oa 

ob 

oc 

od 

oa' 


(Jreexwich 
Number 


6446a 

/6448c 
l()448r/ 
6445« 
6447 
644S 
6451 
6451 

6453a 


6453a 


6464a 


6464a 
6463 


6464a 

6465a 


6464a 
6465a 


6472a 


6472a 


6472a 


6472a 


6480a 
647S 


6478a 

6478 

6481 

6482 

6482 

6482 

6482 


6486 


Spectboheuoorapb 


Longitude 


/108?8 

1107.0 

93.8 

93.2 

110.4 

101  2 

l(r2.S 

104.2 

101.7 

333.7 


333 . 


154  I 
226.8 


154.3 
227.6 


153.7 
131.4 


154.4 
131.3 


354.4 


353.4 


354.7 


355.3 


320.0 

234  5 

237.1 

234.6 

226.1 

251.9 

250.6 

247.9 

248.8 

249,5 

249.0 

243.3 

243.3 

247.4 

Latitude 


-10?41 
-10.9/ 
-12.2 
-11. 

10 

12, 
-10 
-17 

-i; 


10.0 


10  2 


-  2.5 
-19.3 


-  2.9 

-18.8 


■  2.6 

■14.8 


■  3  0 
-15  2 


10.1 


10.2 


10.0 


11.2 


-15 

.1 

-20 

2 

-20 

.7 

-18 

2 

-20 

0 

-   1 

9 

3 

1 

3 

1 

0 

9 

13 

0 

14. 

7 

13. 

2 

14. 

9 

13. 

1 

Cirn 


Longitude 


107?2 

94.5 

93  7 

109  5 

100  7 

101  7 
102.9 

99.1 

3:i3  3 


333.2 


153.8 


153.6 
225,9 


153.9 
131.4 


153.7 
131   1 


3.53 . 6 


354.8 


355.0 


2,54.5 


318.6 
233.4 

236.4 
234.8 
226.0 
253.0 
2.50.5 
248.6 
248.8 


243.5 


Latitude 

-10?  6 

-12.3 
-10.7 
10.5 
12.7 
-10.7 
-16.9 
-17.7 

10.2 


10.5 


-  2. 


-  2.4 

-18, S 


-  2.9 
-15,4 


-  2.9 
-15.0 


9.7 


10.3 


10.0 


10.6 


-14.7 
-20.6 

-20.6 
-18.3 
-19.2 

-  2.3 

-  2.7 

-  2.3 

-  0.9 


15,4 
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1  \l;l.i;  x^ 

ITI- 

■Conlinved 

SPEl^ROBEUOORAPa 

Grbenvich 

Pl.»T«  NCMBEH  and  D.ITE 

Lettek 

CiREEXWlClI                                                                                                         1 

NrUBEK 

Longitude 

Latitude 

Longitude 

Latitude 

2845 

itu 

6478a 

236°5 

-20°  5 

2.37?0 

-20?0 

Julv  22.  'OS 

nv' 

6481 

225.9 

-20.0 

226.4 

-19.7 

"9''27">4 

nw 
m 

6482 

/252.7 

1250.4 

247.4 

24S  5 

-  2.01 

-  3.0/ 

-  2.9 

-  0.8 

250.1 

-   4.0 

6482 

249!5   " 

"  "-'ri  "" 

oa 

6486 

249.5 

13.1 

248.2 

14  3 

ml 

6486 

242.8 

15.0 

243.6 

15.9 

oe 
of 

24S.8 
159  7 

-  4.8 
10.7 

64870   " 

"i58!7   " 

io'3   '" 

og 

6488 

1.54.6 

12.5 

154.5 

12.0 

2862 

oh 

6489a 

127.1 

-17.3 

127.5 

-17.7 

Julv  27,  'OS 

■911441112 

2876 

oh 

6489a 

127.4 

•-17. 4 

127.2 

-17.3 

Julv  28,  'OS 

()''31"'5 

2SS4 

oh 

C4S9r( 

127.2 

-17.0 

127.0 

-17.1 

Julv  29,  'OS 

l"l''38'?8 

2889 

oh 

64S9n 

127.4      • 

-17.2 

126.2 

-16.4 

Julv  31,  '08 
1>57'"1 

oi 
oj 

6490<i 

/  29.6 

\  2S.7 

-13.21 
-14.1/ 

28.9 

-13  4 

2894 

oh 

6489« 

127.8 

-16.9 

126.1 

-16.6 

Aug.  1,  '08 
gh20'?7 

oi 
ol 

6490(1 

/  29.8 
\  28.9 

-12.81 
-13.8/ 

29.0 

-13.0 

ok 

6491a 

2.3 

11.3 

0.5 

11.6 

om 
on 

6490 

/  27.6 
\  27.2 

-15.01 
-16.0/ 

26.7 

-15.1 

2903 
.\UK.  3,  '08 

oi 
ol 

6490a 

/  29.7 
1  28.8 

-12,7\ 
-13.5/ 

29.3 

-12. S 

lOKJl-^O 

ok 

6491a 

0.9 

11.1 

0.5 

11.4 

om) 
on  j 
00 

6490b 

28.2 

-16.0 

27.2 

-15.4 

6490f 

22.6 

-16.0 

23.1 

-16.1 

op 

6490rf 

/  19.6 
\  21.3 

-19.01 
-20.0/ 

20.3 

-19.6 

or 
ou 

6492a 

/  26.4 
\  25.4 

7.. 51 
8.0/ 

25.2 

8.0 

OS 

ol 

6492fcc 

/  22.2 
\  22.3 

8.8\ 
7.8/ 

22.0 

S.6 

2912 

m  / 

6490n 

29.9 

-13.0 

2S.9 

-12.8 

Aup.  4,  '08 

2''37-8 

2.9 

1.7 

11. 8' 
11  it 

oh 

6491(1 

, 

359.7 
0.6 
1.0 
0.7 

13.2 
12.2 
10.9 
12.0 

0.5 

12.2 

nm 

I'fi 

(5490/, 

f  28.2 
27.9 

-15.0 
-17.0 

26.6 

-15.3 

<;49(>c 

21.9 

-16.0 

21   7 

-15.7 

"9 

M'MVl 

/  19.7 
\  20.7 

-19.51 
-20.1/ 

20.1 

-18.7 

or 

6192(1 

27.6 

7.7 

26.1 

S.2 

OK 

r,l<C>'/ 

22  5 

9  0 

22.4 

9  3 

ol 

(•>4".CV 

22  1 

7 . 7 

22.0 

7.S 

IIU 

6491 

347  s 

—   7.7 

345.7 

-7.2 

or 

6 1'.l  t 

!           ■W.',  7 

-   7.9 

312  S 

-7  3 

T  H  E   Rotation    Pekiod   o  i-    the   Sun 


TABLE 

XVIII— Continued 

ly/ 

Plate  Number  and  Datj 

Letter 

Greenwich 
Number 

Specthoheliograph 

Gkbenwich 

Longitude 

Latitude 

Longitude 

Latitude 

2915 
Aug.  5,  'OS 
8"55'"8 

oi' 
or 
ol 

6493 
6490a 

37?6 
/  30.1 
\  29.8 

-10°0 

-13.01 

-13.8/ 

36?1 
28.8 

-10?0 
-13   I 

om 
on 

00 

6490/«- 

f  27.8 

28.5 

I  21.6 

-15.0 
-17.0 
-16.3 

24.0 

-16.1 

op 

or 

OS 

ol 
ou 

01! 

6490,/ 

6492a 

64926 

6492c 

6494 

6494 

19.2 

28.1 

22.6 

21.8 

348.8 

341.9 

f     2.6 

1.5 

-19.7 
8.1 
8.8 
7.2 

-  8.0 

-  8.0 
11.0 
11.8 

20.2 
26 . 9 
22.4 
21.5 
347.6 
342.0 

-19.1 
7.3 
9.0 
7.3 

-  7.0 

-  7.3 

ok 

6491a 

359.8 

12.9 

0.3 

12.1 

0.3 

11.8 

0.7 

10.7 

0.5 

11. ej 

2946 
Aug.  13,  '08 
9''32"'8 

OU) 

ox 

OS 

6498 
(5499 
6499 
64!I9 

318.9 
272.6 
268.5 
266.6 

-10  9 

-  5.1 

-  4.1 

-  5.0 

317.7 
270  6 

267.8 
266 . 1 

-10.9 

-  5,2 

-  4.7 

-  4.7 

2955 

f271  9 
273.9 

(272.7 

Aug.  14,  'OS 

ox 

6499a 

-  -M^l 

11''48".'2 

=  tii 

-  4.5 

-  5.5 
-16.2 
-14.1 

273 . 1 

-  5.1 

OZ 

pu 

ph 

6499 
64996 
6500 
6500 

26S.1 
266.8 
208.1 
205.2 

268.0 
260.9 
207.2 
204.8 

-  4.3 

-  5.6 
-15.0 
-14.1 

2968 
Aug.  21,  '08 

ic-sg-^s 

pa 
ph' 
pd 

6o00a 
6503 

209.4 
/190.6 
1189.3 

-15.1 

-12.61 
-12.8/ 

208.7 
189.3 

-14.0 
-12.6 

pe 

6503 

187.7 
fl83.4 

-14.5 
-17.71 
-17.2 

186.7 

-14.6 

vl 

6503 

1 182.0 

182. 2 

-15. 9f 

-IS.5J 

19.2 

183.3 

-16.7 

183.3 

P'J 

6505 

183.9 

183.2 

18.7 

2971 
Aug.  22,  '08 
9i'17-0 

ph' 
pd 
pe 
Pf 

pg 
ph" 

pe' 

6503 

6503 
6503 
6505 
6506 
6506 

/191.5 
ll89.7 
188.9 
183.8 
184.1 
200.4 
194.7 

-13.01 
-12.7/ 
-14.2 
-17.2 
19.0 
-22.5 
-21.7 

189.4 

187.2 
182.0 
183.5 
197.8 
193.3 

-12.4 

-14.0 
-16.9 
19.2 
-22.5 
-21.1 

2979 

Aug.  25,  '08 

10'>43°>3 

ph 
pi 

6507a 
65076 

/142.1 

1141  2 

135.6 

-18.81 
-18.9/ 
-18.5 

140.9 
135.2 

-18.4 
-18.1 

29S6 
Aug.  26,  '08 
3M4°>5 

ph 
pi 

PJ 
pk 
pi 
pm 

6507a 

65076 

6510 

6510 

6511a 

142  6 
135.6 
39.0 
30.6 
31.4 
74.1 

-18.7 
-18.0 
5.8 
8.0 
-12.6 
-12.4 
-13.0 

141.7 

135.5 

38.5 

30.0 

30.0 

-18.3 

-18.0 

5.0 

7.0 

-14.0 

pn 

/ 

0.9 

198 
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T\H1K  Wlll—Continved 

Plate  Ntmbek  and  Date 

LeTTEK              I         <^-5r':.'^.^:^'f 

Spectroheliograph 

Grbbkwicb 

1^1.  aaunH 

Longitude 

Latitude 

Longitude 

I.atitude 

2987 

pi 

65076 

137?2 

-18?8 

134?9 

-18?1 

Aug.  27,  '08 

pj                         6510 

39  5 

5.3 

38.5 

5.2 

9''33'"5 

pi             \          6511(1 

31.7 

-13.2 

30.8 

-13.6 

f  31.1 

8.1 

pL- 

6510 

29.7 
[  31.2 

7.5 
6.6j 

31.3 

6.6 

pin 

6512 

74.5 

-13.3 

73.7 

-12.7 

pn 

6512 

70.7 

-13.6 

70.9 

-13.3 

■         JH) 

6513 

/  22.5 
1   20  3 

18. 8\ 
19.0/ 

20.6 

18.6 

l>P 

6514 

22  7 

0.9 

121.9 

1.2 

PQ 

6515 

117.3 

-  S.6 

115.9 

-  8.2 

pr 

6515 

113.7 

-  9.1 

113.2 

-  8.9 

2999 

Pj 

6510 

40.0 

5.0 

39.3 

4.7 

Aug.  28,  '08 
10''10"'2 

pk 

6510 

r  31.3 

\  30  0 

6.6; 

7.4/ 

31.3 

6.8 

6510 

'  28. S 

9.0 

29.8 

9.8 

pl 

6511a 

/  32.1 
\  30.0 

-13.21 
-13.5/ 

30.8 

-13.6 

* 

pn 

6512 

70.2 

-12.9 

70.7 

-13  0 

PO 

6513(1 

22.5 

18  2 

21.8 

18.3 

ps 

65136 

20  5 

18.8 

19.8 

18.7 

pl 

6516 

16.0  . 

-15.9 

14.9 

-16.0 

3005 

pj 

()."il() 

.39.8 

5.0 

39.2 

4.8 

Aug.  29,  '08 

f  31.2 

6.21 
7.4 
8.  If 

9''10'"0 

pk 

6510 

1   29.7 
1   30.8 

30.3 

7.4 

l  32.3 

s.oj 

/'/ 

6511(1 

/  31.7 
\  29.9 

-13.41 
-13.4/ 

31.2 

-13  3 

/'" 

65i:i(i 

22  6 

18.7 

21.  S 

18.3 

/'' 

651<> 

15  2 

-15.8 

14.7 

-15.7 

pu 

65 1 7(1 

3.55.2 

-  6.3 

354.7 

-  6.3 

3013 

pj 

6510 

.39.6 

5.5 

40.4 

4.7 

Aug.  31,  '08 

6510 

27  (i 

9.1 

28.2 

9.9 

()hOKr..7 

pk 

6510 

20  5 

7.2 

29.6 

8.0 

Mi510 

31.4 

5.S 

31.2 

5.4 

(6510 

31  2 

7.9 

.32  5 

8.4 

pl 

651  Ic 

31  2 

-14.1 

31.5 

-13.7 

l>" 

(>51.i(i 

22.7 

19  0 

22.4 

19.2 

pl 

6516 

14  7 

-Hi  1 

14.8 

-15.9 

pn 

6517(1 

.•55 1  s 

-   7  li 

354.7 

-  6.5 

pr 

65  IS 

2  5 

12  S 

1.6 

12.8 

pw 

6510 

.36  4 

.S.d 

35  7 

8.8 

pi 

6510 

3K.4 

6.2 

37.2 

5  8 

PU 

6510 

35.1 

5.8 

35.3 

6.1 

pz 

65 1 H 

0.5 

13.9 

3.59.8 

13.8 

'/" 

6518 

3.58.7 

15.0 

358.6 

14.6 

,,l, 
qc 

6518 

/3.56.7 
\3.57.7 

13.21 
13.0/ 

3.57.1 

13.2 

qd 

6510 

41.7 

3.6 

43.1 

3  3 

3025 

/6510 

41  5 

5.5 

40.5 

5  2 

Sept.  1,  '08 

PJ 

(6510 

40.4 

5.0 

39.2 

3.2 

9'18'»4 

f6510 
6510 
16510 

27.9 

8.8 

28  6 

9.9 

pk 

30.1 

7.7 

29.7 

7.8 

.32.0 

5.8 

31  7 

5.9 

pl 

6511(1 

31  () 

-14.0 

31  2 

-13  7 

pit 

6517(1 

354  S 
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SUMMARY 

1.  Measures  of  3777  points  on  the  calcium  flocculi  give  the  following  results  for  the  'liu  rnal  motions 
(f)  and  periods  (P)  in  mean  solar  days  at  various  heliographic  latitudes  ((/>). 
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2.  The  results  may  be  best  represented  by  the  formula 

t  =  ll?584+2?976cos2</>. 

3.  Consideration  of  the  hemispheres  separately  shows  higher  velocities  in  the  southern  hemisphere. 

4.  Though  the  results  for  the  later  years  of  the  series  of  plates  indicate  somewhat  slower  velocities 
than  for  the  earlier  dates,  it  is  questionable  if  a  variation  in  the  rate  of  rotation  can  be  considered  as 
established. 

5.  The  observations  indicate  differential  motion  of  the  flocculi  about  the  spots,  anti-cycloaic  about 
single  spots,  cyclonic  about  the  preceding  member  of  bi-polar  spots  and  anti-cyclonic  about  the  following 
member. 

6.  Comparison  of  these  observations  with  others  by  the  same  method  shows  close  agreement.  Com- 
parison of  the  means  of  results  by  various  methods  shows  that  there  is  progressive  increase  of  velocity  with 
ascent  in  the  solar  atmosphere. 

7.  Figures  are  given  for  the  areas  covered  by  the  flocculi.  In  general  the  zone  of  maximum  floccula- 
tion  coincides  with  the  zones  of  maximum  spottedness,  and  moves  progressively  toward  the  equator  with 
the  spots. 

8.  The  positions  of  sun-spots  are  in  fair  agreement  with  the  Greenwich  photoheliographic  results, 
which  indicates  that  the  method  of  measurement  is  quite  as  reliable  as  the  older  method  of  measurement. 
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THE  FORMS  AND  MOTIONS  OF  THE 
SOLAR  PROMINENCES' 

By  Edison  Pettit 

INTRODUCTION 

The  following  work  is  basetl  on  a  study  of  solar  prominences  photographed  with  the  Runiford  spectre- 
heliograph  of  the  Yerkes  Observatorj\  The  studj'  covers  both  the  plates  already  taken  and  a  series  made  for 
special  purposes. 

In  the  beginning  it  was  thought  desirable  to  attempt  to  determine,  if  possible,  the  character  of  the  move- 
ments and  changes  of  form  of  prominences.  With  this  in  mind  a  preliminary  survey  was  made  of  the 
already  existing  series  of  plates  to  discover  any  types  which  might  prove  interesting  for  study. 

In  all  about  four  thousand  plates  were  examined,  all  the  interesting  objects  recorded,  and  the  typical 
forms  drawn.  Verj-  little  material  suitable  for  a  study  of  the  motions  of  the  prominences  was  found,  but 
the  following  types  proved  of  interest. 

1.  The  "splash"  type. — This  was  always  associated  with  the  active  type  of  sun-spot.  No  case  was 
found  not  so  associated.  In  all  sixty-nine  were  recorded.  Normally  this  type  consists  of  broken  spikes 
projecting  radially  frona  the  spot,  together  with  one  or  a  pair  of  winglike  prominences  on  either  side,  often 
raised  into  space,  sometimes  very  unequal  in  dimensions.  The  prominence  associated  with  the  great  spot 
of  August,  1917,  was  typical  of  this  form.  As  will  afterward  appear,  the  motion  of  these  prominences, 
broken  spikes,  and  loose  knots  of  matter  is  into,  not  out  from,  the  spot  on  the  plates  which  I  have  measured. 
Occasionally  a  knot  far  removed  from  the  spot  may  be  found  moving  as  though  along  lines  of  force  into  it. 
Generally,  however,  they  are  such  filamentary  bodies  that  apparently  they  cannot  endure  a  long  journey. 
The  effect  of  "lines  of  force"  as  about  a  magnet  is  very  suggestive  when  coupled  with  the  fact  of  centripetal 
motion.     In  some  cases  these  motions  have  been  followed  in  detail,  as  will  appear  later. 
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Fig.  1. — Distribution  of  the  "splash"  prominences  in  heliographic  longitude  for  the  period  1908  to  1920 

The  distribution  of  these  splash  prominences  in  heliographic  longitude  and  latitude  is  shown  in  Figure  1. 
Obviously  this  is  also  the  distribution  of  the  great  active  spots  associated  with  them  over  the  same  period, 
1908-1920.     Relatively  few  plates  of  the  prominences  were  taken  previously  to  1908. 

The  distribution  in  latitude  follows  the  usual  sun-spot  curve,  but  the  distribution  in  longitude  shows  a 
sharp  maximum  in  longitude  145°.  The  greater  part  of  these  prominences  is  found  between  longitudes  0° 
and  180°.     Judging  from  this  circumstance,  this  is  the  active  hemisphere  of  the  sun. 

2.  "  Tornado"  or  spiral  prominences. — These  form  a  most  interesting  type.  When  perfectly  developed, 
they  are  very  small,  generally  10"  or  15"  in  diameter  and  1'  or  2'  high.  They  appear  like  closely  twisted 
rope  or  a  fine  screw.  Plate  XXVII  shows  tv>  o  of  these,  the  first  taken  by  Slocum  on  October  15, 1910,  and  the 
second  by  the  author  on  July  12,  1919.  Such  small  objects  are  difficult  to  photograph  since  poor  seeing 
entirely  obliterates  their  true  structure. 

'  A  dissertation  submitted  to  the  Faculty  of  the  Ogden  Graduate  School  of  Science  of  the  University  of  Chicago  in 
candidacy  for  the  degree  of  Doctor  of  Philosophy,  1920. 
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Thirty  cases  of  these  tornado  prominences  are  now  available  in  the  collection  of  negatives  at  the  Yerkes 
Observatorj-.  Assuming  the  top  to  be  in  rotation,  the  direction  of  rotation  is  clockwise  in  both  hemispheres 
of  the  sun,  since  they  all  present  the  appearance  of  a  right-handed  screw,  except  in  two  cases  where  the 
prominence  was  bifurcated,  the  two  branches  rotating  in  ojjpositc  directions.  The  material  was  not  sufficient 
to  establish  the  jirescnce  or  absence  of  lateral  motion  such  as  takes  place  in  tornadoes  on  the  earth. 

3.  Eruptive  prominences. — This  type  probably  needs  definition.  Under  the  classification  of  "eruptive 
prominences"  have  usually  been  placed  metallic  prominences,  jets  and  i)rominences  which  rise  a  few  seconds 
of  arc  and  fdll  again  to  the  chromosphere,  and  those  which  are  torn  apart  by  the  action  of  a  local  attracting 
force.  These  I  am  not  considering  under  this  class.  Only  those  prominences  will  be  included  which  rise 
from  the  chromosphere  and,  projected  in  a  more  or  less  vertical  direction,  are  dissipated  into  space  at  enor- 
mous altitudes.  At  the  beginning  of  the  work  only  three  of  the.sc  prominences  had  been  observed  in  this 
series.  One  was  observed  liy  Fox  on  May  21,  1907;  one  by  Slocum  on  March  25,  1910;  and  one  by  Lee  on 
October  21,  1914.  While  it  was  found  later  that  this  material  could  be  used,  yet  at  the  time  this  was  not 
apparent. 

THE  APPARATUS 

In  order  to  follow  an  eruption  it  is  necessary  to  develop  the  plsftes  continuously.  Hence  every  advantage 
must  be  taken  of  devices  aimed  to  facilitate  exposures  at  the  telescope. 

One  cause  of  loss  of  time  lay  in  the  unstable  prism  support.  This  made  it  necessary  to  reset  the  second 
slit  on  the  line  after  each  exposure.  Since  the  plate-holder  had  to  be  removed  in  order  to  do  this,  seventeen 
operations  were  required  between  each  pair  of  exposures.  To  avoid  this,  a  right-angled  prism  was  inserted 
into  the  spectrum  in  the  manner  describetl  by  Hale  and  Ellerman  in  "Publications  of  the  Yerkes  Observa- 
tory," Vol.  Ill,  Part  I. 

Another  cause  of  confusion  lay  in  the  lack  of  means  of  locating  accuratelj'  the  position  of  the  prominence 
on  the  occulting  disk.  This  was  remedied  bj-  filing  notches  in  the  occulting  disk  every  10°  from  the  ea.st 
and  west  points.  These  imprinted  themselves  on  the  plate,  and  thus  a  prominence  was  readily  located  in  the 
darkroom. 

On  account  of  the  spread  of  the  sky-spectrum,  only  one  row  of  exposures  could  be  put  on  a  plate.  To 
remedy  this  a  focal-plane  shutter  was  attached,  making  it  possible  to  put  two  rows  of  exposures  on  a  plate. 
By  this  means  as  many  as  eight  or  ten  exposures  could  be  put  on  a  plate  without  removing  it  from  the  camera. 

The  driving-rod  was  provided  with  a  stuffing-box  and  the  protecting-shield  raised  so  that  it  was  not 
necessarj-  to  remove  the  rod  for  plates  of  the  disk. 

Several  other  modifications  of  the  instrument  were  made  to  facilitate  the  exposures  as  much  as  possible 
and  avoid  any  accidents  which  might  delay  the  exposure  or  spoil  the  plate. 

THEORY  OF  THE  INSTRUMENT 

The  theorj"  of  the  instrument  has  been  given  in  detail  in  the  publication  referred  to  above.  Some 
points,  however,  are  of  especial  interest  in  connection  with  the  study  of  the  motions  of  the  prominences. 
There  is  practically  no  distortion  of  the  fiel<l,  so  that  no  correction  has  to  be  aiiplieil  to  observed  motions 
on  this  account.  Line-of-sight  motions  greater  than  about  30  km/sec.  are  sufficient  to  obliterate  that  i)art 
of  a  prominence  having  that  velocity,  from  the  plate. 

The  effect  of  wedge-slit  was  overcome  by  placing  a  small  opposing  lever  at  the  end  of  the  slit  which 
habitually  Itecame  too  wide.  By  means  of  an  adjustable  screw  this  lover  could  he  i)rought  to  bear  on  one 
jaw  of  the  slit  in  such  a  way  as  to  correct  tin-  wedge  effect. 

The  error  of  setting  the  occulting  disk  is  principally  due  to  the  fact  that  the  telescope  has  a  visual 
uchnmiatic  objective.  Since  the  spedroheliograph  works  in  (he  H  line,  the  sun's  disk  appears  aitout  'i  inches 
out  of  focu.-^.     Hence,  when  setting  the  occulting  disk,  aiioul  i  inch  of  the  image  must  overlap  all  arouml. 
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A  little  too  much  will  produce  serious  sky  fog,  and  too  little  will  cut  out  the  chroinosphere.  Sometimes  a 
small  drift  due  to  clock-error  may  enter,  hut,  wince  the  whole  exposure  for  one  limb  is  only  99  seconds,  this 
is  not  usually  large  enough  to  be  noticeable. 

When  plates  affected  by  fatilt.y  setting  of  the  occulting  disk  are  compared,  several  small  stationary 
prominences  are  made  to  coincide,  and  the  correction  measured  at  the  limb.  This  correction  of  course  will 
always  be  positive. 

MEASUREMENT  OF  THE  PLATES 

1.  The  eruptive  prominences. — The  height  of  an  eruptive  prominence  at  various  stages  of  the  eruption 
was  measured  Ijy  simph*  placing  a  glass  scale  over  the  plate  radially  to  the  limb  and  reading  off  the  value. 
This  was  repeated  with  a  steel  millimeter  scale  as  a  check. 

Generally  speaking,  no  particular  formation  of  a  prominence  can  be  followed  throughout  a  series  of 
exposures,  consequently  the  mean  height  or  apparent  center  of  gravity  of  the  object  was  clio.sen.  Whenever 
a  fonnation  could  be  identified  throughout  a  series  of  plates,  it  was  used  as  the  setting-point. 

2.  Internal  motions. — The  motion  of  knots  and  shreds  was  measured  in  the  "blink"  comparator  with 
micrometer  attached.  This  micrometer  has  two  screws  working  cross-ruled  reticles  at  right  angles  to  each 
other.  The  screw  value  was  found  by  comparison  with  the  parallax  machine  to  be  7^  =  0.197  nmi,  and  is 
the  same  for  both  screws. 

Orientation  of  the  plates  was  somewhat  handicapped  by  the  sticking  of  one  of  the  plate-carriers  so  that 
it  could  not  be  rotated  in  position-angle.  On  this  account  orientation  was  accompHshed  as  follows.  The 
plates  to  be  compared  were  placed  in  the  plate-holders  with  the  dust-lines  parallel  (nearly)  to  the  ways, 
glass  side  out.  Since  the  telescope  is  driven  in  declination  in  order  to  give  motion  to  the  image  on  the 
spectroheliograph,  these  dust-lines  are  arcs  of  hour  circles,  indicating  N.-S.  Since  the  position-circle 
of  the  micrometer  is  fixed,  the  zero  cannot  be  made  to  coincide  with  the  north  point,  and  hence  the  error  was 
determined.  The  reading  for  the  north  point  was  generally  about  87?5.  The  east  point  was,  of  course,  90° 
less  than  this.  A  dust-line  on  the  movable  plate  (the  same  dust-line  was  generallj'  obtainable)  was  then 
brought  into  coincidence  with  the  reticle  line  by  rotating  the  holder  and  shifting  the  vertical  lift-screw. 
The  two  images  of  the  chromosphere  were  then  made  to  coincide  and  this  adjustment  perfected  by  making 
small  prominences  and  lumps  on  the  chromosphere  coincide  exactly.  Many  small  prominences  are  generallj' 
present,  which  remain  fixed  over  long  periods. 

The  displacement  of  a  knot  or  filament  from  an  earlier  plate  to  the  next  later  plate  was  then  measured  in 
position-angle  and  distance.  Most  of  the  points  on  the  plates  of  the  prominence  of  May  29,  1919,  were 
measured  with  the  movable  wire  only,  three  settings  being  made  on  the  position-circle  and  on  each  point  with 
the  screw.  An  opposing  spring  was  placed  on  the  micrometer,  however,  after  which  it  was  onh'  necessarj' 
to  make  half  the  settings  with  the  movable  wire. 

On  account  of  the  rapid  changes  in  the  form  of  the  objects  measured,  a  high  degree  of  accuracy  was  not 
attainable.  Generally  a  range  of  twenty-five  to  thirty-five  divisions  on  the  micrometer  head  was  satisfactorj'. 
On  the  other  hand,  the  displacements  to  be  measured  were  relatively  large,  so  that  this  difficult}'  was  not 
a  serious  one. 

3.  Lateral  motions. — In  some  cases  of  lateral  motions,  later  to  be  described,  it  became  desirable  to  meas- 
ure the  displacements  in  rectangular  co-ordinates,  in  which  both  screws  of  the  micrometer  were  used. 
The  orientation  was  performed  as  before  described,  but  the  measurement  proceeded  as  follows.  In 
order  to  make  each  measure  independent  of  the  cumulative  errors  of  the  one  preceding,  each  plate  was 
compared  with  the  same  plate,  which  \ve  will  call  the  "standard  plate,"  preferably  the  first  plate  of  the 
series.  An  ink-dot  was  then  made  on  the  chromosphere  as  nearly  under  the  midpoint  of  the  lateral  path 
of  the  prominence  as  possible.  The  reticle  line  parallel  to  the  screw  was  then  made  tangent  to  the  chromo- 
sphere at  this  point,  and  the  circle  read  off.  In  all  succeeding  measures,  this  same  angle,  corrected  for 
orientation,  was  used  for  the  point  of  tangency.     The  origin  of  the  fixed  reticle  lines  was  then  set  on  this 
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point  and  the  origin  of  the  movable  system  was  set  on  the  prominence  to  be  measured.  The  screws  then 
read  the  co-ordinates.  In  some  cases  it  was  necessary  to  use  the  movable  sj'stem  for  setting,  as  well  as  for 
measurement,  on  account  of  the  limited  field  of  the  eyepiece. 

PRELLMLXAKY  OBSERVATIONAL  DATA 

It  has  already  been  shown  by  observers  of  eruptive  prominences  that  the  velocity  of  ascent  increases 
with  the  height  to  which  the  prominence  rises,  and  consequently  with  the  time  in  a  general  way,  but  no  one 
seems  to  have  obtained  the  data  for  fixing  the  detailed  facts  of  the  motions.  The  great  prominence  of 
May  29,  1919,  offered  an  unusual  oiiimrtiniity  for  studying  the  motion  in  detail,  on  account  of  its  more 
leisurely  a.scent  and  the  height  which  it  reached,  and  the  prominence  of  .July  15  gave  a  means  of  checking 
the  results  so  obtained.  The  general  facts  and  observational  data  about  these  two  prominences  have  been 
given  in  detail  in  the  Astrophysical  Journal,  50,  206-219,  1919.  We  will  confine  the  discussion  at 
present  to  the  vertical  motions  of  eruptive  prominences. 

Sections  1  and  2  of  Table  II  .show  the  data  for  these  prominences  measured  as  before  described, 
and  the  measures  of  the  height  as  ordinates  against  the  time  as  abscissas  are  plotted  in  Figure  2,  Numbers  1 
and  2.     These  results  are  obviously  best  rejjrescnted  by  broken  sjtraight  lines^n  fact,  remarkably  well. 

We  must  conclude  that  for  these  two  prominences  the  motion  was  uniform  over  a  period  of  time,  after 
which  it  increased  suddenly,  but  continued  to  be  uniform  at  the  greater  velocity,  as  though  an  impulse  had 
been  given  to  it  at  that  point.  Table  I  exhibits  a  comparison^  of  the  observed  data  for  these  two  promi- 
nences and  the  data  computed  from  the  gravitational  theory  of  projected  bodies. 

TABLE  I 


Height  of 
Prominence 

ABOVE  Sl-N 


Veuxtitt  of 

Ascent 


AV 


Rise  .\t  This 
Velocity 


Theoretical 

Maximum 

Height  at  Thi^ 

Velocity 


Observed 
Duration 
(Const.  V.) 


Theoretical 
Duration 

(DiMlN.  V.) 


The  Prominence  of  May  29 

km 

km/BCc. 

km/scc. 

km 

km 

min. 

min. 

1.50,000 

5.5 

5.5 

.50,000 

83 

164 

0.5 

200,000 

14.7 

9.2 

119,000 

665 

133 

1.5 

.319, (XK) 

27.9 

i:<  2 

91,000 

3,010 

57 

3.6 

410,000 

60  0 

32  1 

230,000 

17,059 

63 

9.5 

The  Prominence  of  July  15 


200,000 
294,000 


37.0 
163.9 


126.9 


294,000 
426,000 


4,211 
111,753 


43 
47 


3.8 

23.6 


For  the  computation  of  this  data  the  following  foimulae  are  adapted  {loc.  cit.) : 


71  =  Si  —  So  =  ^ 


2gR^-Vlso 


(1) 


.1  sin' 


(  = 


r= 


A^-AB+C 


D 


2*  — SiT 


AB+C-Vs,8-i 


D 


(2) 


(3) 


'  AttTophyMail  Jminuil,  50.  21  I,  1919. 
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where 


«  =  »"-[":"■"].        C"'^:^i.       D-R^^. 


?  =  acceleration  of  a  falling  body  at  tiie  sun's  surface  (0.27  km/sec.) 
jF/=  "theoretical  maximum  height  attained"  measured  from  sun's  surface 
fi  =  radius  of  the  sun  (695,553  km) 

s  =  distance  at  any  instant  from  the  sun's  center 
So  =  distance  from  the  sun's  center  at  the  time  when  the  velocity  Fo  begins  (measured  from  the  break 

in  the  graph  of  the  heights  of  the  prominence) 
Si  =  " theoretical  maximum  height  attained"  measured  from  the  sun's  center 
T  =  time  required  to  attain  height  H  ("theoretical  duration") 

t  =  time  required  to  attain  distance  s  from  sun's  center 
Fo  ="  velocity  "  observed,  measured  from  the  plot 

In  these  formulae  the  positive  flirection  of  the  axes  is  taken  upward  and  angles  are  in  radians.  It  will  be 
noted  that  the  gravitational  theory  is  not  sufficient  even  to  approximate  the  obser^'ed  facts  over  a  short 
period. 

The  prominence  of  September  8,  1919,  and  the  one  observed  by  Lee  on  February  19,  1920,  also  show  the 
characteristics  of  motion  found  in  those  of  May  29  and  July  15,  1919. 

THE  COLLECTED  OBSERVATIONAL  DATA 

As  it  appeared  that  this  peculiarity  of  motion  of  eruptive  prominences  might  be  characteristic  of  all 
eruptions,  an  investigation  of  all  available  published  data  was  made  to  determine  the  facts  of  the  case.  All 
cases  of  observed  eruptions  where  four  or  more  measures  of  the  height  were  obtained  during  the  ascent  were 
collected,  and  plotted  uniformly  with  G.M.T.  as  abscissas  and  the  height  in  thousand  kilometers  as 
ordinates.  Generally  the  data  gave  local  or  standard  time  of  observation  and  the  height  in  seconds  of  arc. 
These  were  converted  by  the  proper  formulae.  In  some  cases  of  spectroheliographic  observation  the  plates 
or  prints  were  remeasured,  for  reasons  stated  in  the  appended  notes.  Eighteen  cases  besides  those  already 
mentioned  were  found,  making  in  all,  at  present,  twenty-four  cases  of  eruptive  prominences  for  which 
the  data  are  sufficient  for  the  study  of  their  motion.     Of  these,  eleven  are  spectroheliographic  results. 

DISCUSSION  OF  THE  COLLECTED  OBSERVATIONAL  DATA 

From  an  examination  of  the  plots  of  the  observations  given  in  Figures  2-5,  one  can  hardlj'  avoid  the 
conclusion  that  in  every  case  so  far  observed  the  motion  of  ascent  obeys  the  principle  found  in  the  promi- 
nence of  May  29,  1919,  nameh*,  that  the  motion  is  always  uniform,  affected  at  intervals  by  sudden  increases, 
as  though  an  imjjulse  had  been  given  to  the  prominence. 

The  validity  of  this  method  of  treating  the  observations  can  hardly  be  questioned,  for  each  observation 
itself  is  not  definitive,  and  in  this  kind  of  measurement  is  subject  to  considerable  error  as  compared,  say,  to 
measurements  for  positions  of  stars.  The  actual  velocities  attained,  then,  are  represented  by  the  slopes  of 
these  straight  lines,  and  not  by  5h/5t  between  successive  observations.  Indeed,  two  successive  velocities  might 
be  60  km/sec.  and  — 10  km/sec.  and  still  the  plotted  observations  could  fall  satisfactorily  near  the  mean  line, 
if  5t  were  not  too  great.  Take,  for  example,  the  prominence  of  September  19,  1893,'  for  which  Fenyi  gives 
the  velocities  reduced  from  8h/dt,  shown  in  Table  III  on  page  212. 

To  find  any  law  of  motion  applicable  to  these  data  would  be  quite  discouraging,  but  the  difficulty  lies  in 
the  treatment  of  single  observations  as  definitive,  which  is  far  from  the  case.  Referring  to  the  graph 
for  this  prominence  (Fig.  4,  No.  17),  it  will  be  seen  how  veil  the  observations  of  this  prominence  follow  the 

'  L'Aslronomie,  13,  173,  1S9-1. 
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T.ABLE  II 
Collected  D.\t.\  on  All  I'i-blished  Me.^slties  of  ERUPrrvE  Promi.venxes 


Identity  and  Reraarka 

G.MT.  of 
Obaen'ation 

1 
HeJRhi  in 
Thousand       ; 
Kil..n,.-t.rs       ' 

Identity  and  Remarks 

GMT.  of 
Obser\'ation 

Height  in 
Thousand 
Kilometers 

lbl7n.||.. 

36  2.=. 

41   16 

51  49 

2  35  21 

41  44 
49  39 
56  56 

4  09  40 
19  32 

31  03 
38  12 
46  49 

5  13  59 

32  41 
40  39 

56  36 

6  14  12 
23  34 
32  18 

42  00 
53  22 

7  08  49 
19  31 

57  22 

8  23  29 

1  ."'1 1 

l.'>o 
1.50 
1.53 
163 
170 
170 
175 
175 
200 
210 
220 
225 
250 
265 
275 
285 
305 
310 
322 
335 
360 
388 
410 
545 
640 

4.  Feb.  19,  \^2Q— Continued 

7''25"35' 
33  40 
35  U 
55  25 
57  01 

8  15  30 
18  50 

319 
322 
326 
334 
341 
387 
387 

I.  May  29,  1919.     Observed  by 
Pet  tit  at  the  Yerkes  Observa- 
tory.       SppctrohelioKraph. 
Astrophysicai  Journal,  50,  209, 
1919. 

Mean  height  of  the  floating  cloud 
is  given. 

V=5.5,  14.7,  27.9,  60.0  km/sec. 

5.  October  21,  1914.    Observed 
by   Lee  at   the   Yerkes  Ob- 
servatorj-.  Spectroiicliograph. 
No     measures     published. 
AslrophysicalJournal,il,  168, 
1915. 
V  =  6.7.  22.0,.42.8  km/sec. 

3  17 
54.5 
56.5 

4  17 
18.7 
49.2 
50.7 
57.5 
58.7 

5  05.7 
07.5 
33.5 
35.5 

106 
123 
129 
144 
145 
186 
189 
199 
204 
220 
234 
293 
292 

6.  March  25,  1910.  Observed  by 
Slocum   at    the   Yerkes   Ob- 
servator)-.  Spectroheliograph. 
AKtrnpht/siral     Journal,      32, 
r2,S,  1910.   On  account  of  the 
l)rominencp  being  cut  off  in 
two    ex|)osures,     the    plates 
were    remeasured,     using    a 
point  lower  down. 
7  =  6.1,  31.4,  .53.6  km/sec. 

2  54.9 

4  14.7 
1(5.7 
56 . 1 
.57.9 

5  10.6 
43.0 
45.0 
.55.4 
.57.7 

38 

53 

68 

103 

148 

2.  July  15,  1919.     Observed  by 
Pettit  at  the  Yerkes  Obsen-a- 
tory.     Spectroheliograph. 
AMrophyxicnU<iurnnl,S0,2\\, 
1919.    Settings  were  mmlc  on 
a  ropelike  structure  enduring 
throughout  the  eruption. 

F  =  37.0,  163.9  km/sec. 

3  08  02 
28  48 
35  49 
43  59 
51  .56 

4  01   11 
07  19 
15  57 
23  39 
33  57 

200 
250 
263 
278 
315 
400 
460 
548 
620 
720 

174 
276 
287 
295 
295 

7.  May  21,  1907.    Observed  by 
Fox  at  the  Yerkes  Ob.serva- 
tory.      Spectroheliograph. 
Astrophysicai  J  ournal,26,lo'}, 
1907. 
V  =  7..5,  37.5,  64.2  km/sec. 

4  02 
52 

5  01 
35 
37 
43 
44 
44.5 
52 
53 
55 
57 
59 

1(59 
190 
206 
287 
294 

3.  Septembers,  1919.  Observed 
by  Pettit  at  the  Yerke.s  Ob- 
8er\'ator\-.  Spectroheliograph. 
Not     published.         Settings 
made  on   the  center  of  the 
rloudlike  head. 

1=3.7,  2.5.6  km/sec. 

2  35  32 

3  01  52 
35  59 
38  37 
46  07 
46  42 

4  21  22 
34  12 
.37  12 

6  16  10 
23  30 
41   10 
50  21 

85 

93 

95 

97 

101 

103 

.  116 

128 

131 

286 

301 

321 

348 

317 
272 
272 
307 
305 
311 
301 
303 

8.  February  18,  1908.  Obser\'ed 
by  Evershcd   at   the   Kodai- 
kiinal  Ob.scrvator>-.    Spectro- 
heliograph.         A. lira  physical 
Journal,  28,  79,    1908.      .See 
also   Butlftinx  of  the   Koilai- 
kiitial    Obscrratory,    2.     Only 
group    measures    are    given. 
Halftone  cuts   were   remeas- 
ured  in   order  to  give   more 
IMiints. 
r  =  3.3,  29.3  km/sec. 

2  53 

4  08 
24 
31 

5  35 
43 

9  00 
06 

10  35 
40 

11  41 
47 

12  02 
11 

58 
69 
77 
77 

September    8,    1919,    continued. 
.Settings  made  on  a  conden- 
sation near  the  middle  of  the 
prominence. 

V  =  25.6km/iiec. 

6  16  10 
24  12 
41   10 
.50  10 

7  01  07 
08  05 

1.50 
160 
193 
210 
225 
230 

96 
113 
113 
144 
154 
234 
261 
290 
301 

4.  Feljniary  19,  192(J.  Ob»c^^■ed 
by    Iam   ut    the    Yerkc«   Ob- 
i)cr\'atory.  .S|Ki-lrohehograph. 
Not  publinhnl     ('enter  of  the 
rre«il  miNinured. 
V-10.6,  18.0,  41.7  km./wi 

3  .58  40 

4  48  00 
.56  30 
.58  20 

5  22  .50 
24  25 
31   .50 
34  .50 
.56  .55 
.58  .50 

7  24   15 

110 
144 
148 
I.V2 
171 
175 
IS)i 
ISd 
205 
209 
311 

i    9.   May  26,  1916.    Observed  by 
Kvershetl  ut  the  Koditikanal 
( )l>scrvatory.       .Sprctrohelio- 
griipb.      Hull,   of  III!    Kmlai- 
kinidt  Olisirvatory,  3,  No.  55, 
I'hilc  IV.    .\  secondary  erup- 
liiiii    from    the    crest    of    the 
priiMiinciice  made  it  necessary 

2  .36  12 
51  47 
06  29 
16  25 
20  40 
26  40 

102 
166 
2-20 
3-22 
372 
440 
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TABLE  11— CotUinued 


Identity  and  Remarks 

G.M.T.  of 
Observation 

Height  in 
Thousand 
Kilometers 

Identity  and  Remarks 

G.M.T.  of 
Observation 

Heifcht  in 
Thousand 
Kilometers 

9.  May  26  l^m—rnnliniicd 
to  remt'iisurc  the  <-utR  in  order 
to   insure   eontinuity   of   the 
point  measured. 
1^  =  64.2,  191.7,  316.6  km/sec. 

3i'33»19» 
39  34 

524 
643 

17.  September  19,  1893.  Observ- 
ed by  F^nyi  at  the  Haynald 
Observatory.    Visual.    L'As- 
tronomie,  13, 173,  1894.  Mem. 
Spell.  Hal.,  23,  29,  1894. 

F  =  119.4,  375.0,  (250.0;  km/sec. 

2i>21"'0.5' 
(21  51) 

22  37 

23  36 

24  25 

25  19 

26  15 

27  16 

28  23 

268 
(256) 
278 
286 
296 
319 
338 
344 
362 

10.  May  31,  1894.    Observed  by 
Deslandres  at  (lie  Paris  Ob- 
servatory. Spcctroheliograpli. 
Cnmptes    Hendus,    124,    172, 

1  55 

4  18 
51 

5  31 

103 
220 
323 
4,58 

1894. 
F  =  13.8,  54.4  km/see. 

18.  December  24,  1894.    Observ- 
ed by  Fonyi  at  the  HajTiald 
Observatory.        Visual. 
A.itrophysical  Journal,  1,  213, 
1894. 

F  =  15.5,  144,  144  km/sec. 

9  15  00 

10  17  .59 
18  29 

18  59 

19  30 

20  01 
20  33 

33  45 

34  31 

35  20 

36  09 

37  03 

41  33 

42  45 
t48 

49  23 

t.52  04 

.55  21 

11  06  31 
09  57 

11  20 

12  44 
24  51 

88 
151 

11.  March  25,  1895.  Observed  by 
Hale    and   Ellerman    at    the 
Kenwood  Observatory.  Spec- 
troheliograph.     Axlrophyxical 
Journal.  1,433,  1S95. 

F  =  49.0,  119.0,  202.0  kmAsec. 

*15  40 

16  24 

30 

*36 

48 

87 
216 
259 
303 
4.50 

148 
1.56 
160 
1.50 
1.54 
266 
276 

12.  August  16,   1885.     Observed 
by  Trouvelot  at  the  Meudon 
Observatory.    Visual. 
Comples    Rendus,    101,    475, 
1885. 

F  =  53.3,  89.2  km/sec. 

9  16 

10  21 
37 
38 
42 
47 
53 
58 

11  00 
02 
04 
11 

172 
213 
264 
278 
290 
298 
320 
341 
3.52 
361 
373 
416 

288 
297 
309 
369 
364 
388 
404 
445 
470 
286 
317 
330 
282 
2.55 
222 

13.  September  6,  1888.  Observed 
bv  Fenyi  at  the  Havnald  Ob- 

4 25 
50 
52 
55 
59 

5  03 

15 
18 
33 
43 
68 
110 

servatory  (Kalocsa).    Visual. 
Pub.     of    the    Haynald    Ob- 
servatory, 1,  119,  1888. 
F  =  2.2,  83.3,  175.5  km/sec. 

38  04 

38  57 

39  24 

193 
193 
107 

19.  September  30,  1895.   Obser\'- 
ed  by  Fenyi  at  the  Haynald 
Observatory.         Visual. 
Astrophysical  Journal,  3,  193, 
1896. 

F  =  400  km/sec. 

tlO  00 

til 

14  22 

15  11 

16  03 

16  .57 

17  .50 

19  02 

20  11 
§21  00 

29  20 

30  13 
46  39 

43 
174 
342 
371 
380 
407 
430 
446 
498 
357 
380 

14.  October  6,   1890.     Observed 
by  F^nyi  at  the  Haynald  Ob- 
servatory.    Visual.     Pub.  of 
the   Haynald   Observatory,    1, 
131,     1888;      and     Comptes 
Renelus,  111,  725,  1890. 

F  =  40.0, 70.0, 223.3,  (56.7)  km/sec. 

0  02 
07 

10  20 
12  .50 
19  25 
t21 
23 
27 

29  40 
33 

40 

50 

66 

76 

100 

123 

148 

206 

225 

236 

16.  May  5,   1892.     Observed  bv 
F^nyi   at   the   Haynald   Ob- 
servatory.    Visual.     Pub.  of 

10  39 

11  01 

02  45 
05  09 

102 
209 
231 
269 
275 
295 
299 
3.50 
388 

388 
142 

20.  June  1,  1900.     Observed  by 
F^nyi   at   the   Ha>iiald   Ob- 
servatory.     Visual.      Astro- 
physical    Journal,     12,    215, 
1900.     Height  of  the  vertex 
and  base  of  the  floating  cloud 
were  observed.    Mean  height 
is  given  here. 

F  =  242km'sec. 

2  14  08 

14  41 

15  16 

15  .52 

16  29 

17  16 

18  04 
1  18  55 

1.59 
177 

the   Haynald   Observatory,    2, 
131,  1892. 

09 

177 
186 

F  =  81.7,  233.3  km/sec. 

203 

13  25 

213 
225 
227 

16.  September  20,  1893.  Observ- 
ed by  Fdnyi  at  the  Ha\-nald 
Observatory.    Visual.    L'As- 
tronomie,  13, 174,  1894.  Mem. 
Spett.  Hal.,  23,  30,  1894. 

F  =  400  km /sec. 

9  08  13 
09  04 

09  57 

10  52 

11  51 

12  56 

14  07 

15  18 

353 
367 
390 
414 
435 
446 
482 
501 

21.  August  24,  1893.     Observed 
by  Sakora  at  the  Charkow 
Observatorv.    Visual.    Mem. 
Spett.  Hal. .'23.  201,  1894. 

F  =  22.5km,sec. 

21  19 

22  01 
20 

23  21 

10 
64 
95 
79 

*  Visual  estimate, 
t  Time  uncertain. 
J  Micrometer  measure. 


§  Uncertain. 

It  "Approaching  dissolution"  noted  here. 


Probably  affected  by  distortion. 
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TABLE  ll—Conti7iu€d 


IdcDtity  and  Rcnurlu 

G.M.T.  of 
Ob8«n*atioD 

Height  in 
Thousand 
Kilometers 

Identity  and  Remarks 

G.M.T.  of 
Obsen'ation 

Height  in 
Thousand 
Kilometers 

22.  Xovonibor  16.  1892.  Obsen-- 
ed    bv    Tacchini    at    Rome. 
Visual.   Mtm.  Sptll.  Hal.,  22, 
9,  1893. 

8''10°00' 

40 
9  13 

54 

10  40 

11  05 

12  03 
10 
14 
29 
37 
42 
43 
44 
45 

94 
104 
113 
124 
142 
l.V_' 
201 
288 

23.  June  11,  1895— Con/in  iW 
Axtronnmiad     Journal,     15, 
112.    1895.      Coit   used   the 
mean  value  of  the  sun's  ap- 
parent diameter  in  reducing 
the  obsen'ations;   the  values 
nivcn  here  have  been  reduced 
using   the    Ephenieris   value 
for  the  date. 

1=7.8,  136.1,  58.7  km/sec. 

7''59»18' 
8  00  18 
01   18 
03  03 
06  58 
12  00 
14  00 
17  18 
19  28 
27 
47 

122 
131 
145 
154 
179 
185 
195 
203 
212 

V  =  4.4,    6.6,    28.3,    57.2,    115.0 
km/sec. 

247 

307 
332 
367 

382         , 
382         ' 
382 

77 
59 

24.  May  23,  1915.  Observed  by 
I'A-ershcd  at  the  Kodaikanai 
(Jbservatorj-.  SpeetroheUo- 
graph.  Mem.  Kod.  Observa- 
tory, 1,  Part  II,  1917.  No 
measures  published. 

F  =  70.8  km  sec. 

3  04 
18 
52 

143 
206 
348 

23.  June  11,  1895.    Observed  by 
Coit  at  the  Boston  I'niver- 
sity    Obsen-atorj-.       \'isual. 

7  17 
36 
55  03 

54 
63 
86 

law  of  uniform  motion  affected  by  .suciden  incrca.ses  of  velocity.  Velocity  3,  in  Table  III,  was  comi)vited 
on  a  break  in  the  line,  and  so  does  not  agree  with  any  on  the  list.  Velocities  5  and  6  are  doubtless  dis- 
cordant on  account  of  fading  of  the  crest  of  the  prominence.  Applying  the  slope  of  the  line,  the  actual 
velocities  are  onlj'  three  in  number,  viz.,  119,  375,  and  (250)  kin/sec. 

T.\BLE  III 


No. 

km/sec. 

No. 

km/sec. 

1 

114.6 
126.1 
214.0 
406.0 

5 

339  6 

2 

6     . 

103  9 

3 

7 

249  1 

4 

Pringsheim*  uses  Fdnyi's  published  velocities  of  the  prominence  observed  on  October  6,  1890,  to  sub- 
stantiate the  statement  that  the  velocities  of  eruptive  prominences  "undergo  very  irregular  changes  in  direc- 
tion and  value."  An  examination  of  the  plot  (Fig.  4,  No.  14)  reveals  no  such  irregularitj',  with  the  possible 
exception  of  the  last  two  measures  which  are  doubtless  affected  by  fading. 

This  fading  of  the  prominence  is  one  of  several  phenomena  accom|)anying  an  eruption  which,  in  visual 
work,  may  produce  a  large  uncertainty  in  the  interpretation  of  the  velocities  at  the  end  of  the  ascent.  The 
rapidity  of  the  fading  has  been  noted  by  many  observers.  Thus  F^nyi  says,  speaking  about  tlie  promi- 
nence of  June  1,  1900  (for  graph  see  Fig.  o,  No.  20): 

Approaching  dissolution  was  noted  during  the  lust  transit;  the  smaller  portions  were  invisible,  and  the  larger  some- 
wliat  faint  and  diffuse,  unless  probably  this  was  the  effect  of  a  temporary  haziness  of  the  sky.  Three  minutes  later  the 
entire  brilliant  prominence  had  disappeared ;  no  trace  could  any  longer  be  seen,  even  far  above  the  chromosphere.' 

The  same  circiun-stances  have  lieen  noted  frequently  by  observers  with  the  spectroheliograph.     Generally, 
it  seems,  the  duration  of  the  fading  is  only  a  matter  of  a  few  minutes. 

That  a  jirominence  may  fade  in  part  and  the  remainder  continue  to  ascend  is  well  sliowri  in  tlic  promi- 
Dence  of  December  24,  1894,  observed  by  F6nj'i  (Fig.  4,  No.  18).     Here,  evidently,  the  detached  jiortion  of 

•  Phytik  da-  Sonne,  p.  177. 

*  AUrophyitical  Journal,  12,  ■.'17,  I'.HH). 
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Fig.  2.— Motions  of  the  eruptive  prominences  of  (Xo.  1)  May  29,  1919;  (No.  2)  July  15,  1919; 
(No.  3)  September  8,  1919;  (No.  4)  February  19,  1920;  (No.  5)  October  21,  1914;  (No.  6)  March  25, 
1910.  The  abscissas  are  the  times  of  observation  (.G.M.T.),  and  the  ordinates  are  the  heights  of  the 
prominence  in  thousand  kilometers. 
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Fi<i.  3. — Motions  of  the  eruptive  prominences  of  (No.  7)  Muy  "Jl,  1907;  (No.  8)  February  18,  I'.XIS; 
(No.  9;  May  20,  1910;  (No.  10}  May  .Jl,  1894;  (No.  11)  March  2,5.  1,S9.5;  (No.  12)  .•Vugust  10,  ISSo. 
The  alMciHtuiK  arc  the  limes  of  observation  (G.M.T.),  and  the ordinatcs  are  the  heights  of  the  prominenco 
in  thou.sanil  kiloincUrrs. 
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Fig.  4. — Motions  of  the  eruptive  prominences  of  (No.  13)  September  6,  1888;  (Xo.  14)  October  6, 
1890;  (No.  15)  May  5,  1892;  (No.  16)  September  20,  189.3;  (No.  17)  September  19,  1893;  (No.  IS) 
December  24,  1894.  The  abscissas  are  the  times  of  observation  (G.M.T.),  and  the  ordinates  are  the 
heights  of  the  prominence  in  thousand  kilometers. 
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Fio.  5. — MiitiniiH  i)f  llic  eruptive  prominenees  of  (\o.  19)  September  .'JO,  ISM;  (\o.  20)  June  1, 
1900;  (No.  21)  AuKUJit  21,  IHICJ;  (No.  22)  .Nuveuiber  10,  1892;  (No.  2;i)  June  11,  1S95;  (No.  24)  May  23, 
lOlfl.  The  uliscwMui  ore  the  tinier  of  obocrvation  (G.M.T.),  ami  the  ordinntej  are  the  heights  of  the 
proMiinonce  in  thouiuinii  kilometcm. 
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the  curvo  is  a  point  lower  down,  rising  after  the  prominence  has  l)een  decapitated  by  fading.  Hence  the 
duration  of  fading  must  have  been  less  than  10  minutes — the  time  between  the  observations  on  the  two 
portions  of  the  plot.  The  same  phenomenon  is  apparent  in  his  observations  of  the  prominence  of 
Septeml)er  20,  1893  (Fig.  4,  No.  16).  Fox's  prominence  observed  with  the  spectroheliograph  on  May  21, 
1907  (Fig.  3,  No.  7),  is  also  of  this  class. 

Fenyi's  prominences  of  Octol)er  G,  1890,  and  September  19,  1893  (Fig.  4,  Nos.  14  and  17),  seem  to  show 
indications  of  negative  impulse  or  secondary  eruption  at  the  end  of  the  ascent.  Coit's  prominence  of 
June  11,  1895  (Fig.  5,  No.  23),  is  the  finest  example  of  this  class  of  phenomena.  The  nature  of  the  action  at 
the  end  of  the  eruption  just  after  dissolution  sets  in  is  veiy  uncertain  and  difficult  to  interjiret  without 
the  aid  of  photography. 

The  effect  of  a  secondary  eruption  is  seen  in  Evershed's  prominence  of  May  26,  1916,  where  a  fountain 
of  matter  is  ejected  from  the  principal  body  after  the  prominence  has  reached  a  considerable  height. 

In  his  analysis  of  his  observations  on  the  iirominenee  of  June  1,  1900,  Fenyi  gives  the  following  data 
on  the  velocity  of  the  crest : 

TABLE  IV 

km/sec.  km/scc. 

546  471 

231  423 

371  138 

187 

From  the  plot  (Fig.  5,  No.  20)  it  will  be  seen  that  a  straight  line  represents  both  the  mean  and  the  crest 
velocities  very  satisfactorilj-. 
Fenyi  says: 

I  must  state  in  regard  to  the  velocities  of  ascent  in  the  fourth  column  that  no  safe  conclusions  can  be  drawn  from 
their  differences,  as  they  are  the  result  of  the  uncertainty  of  the  individual  measures  from  which  the  figures  were  calcu- 
lated. On  trying  to  smooth  out  the  data  graphically  I  found  that,  if  corrections  of  at  most  0.6  sec.  are  applied  to  the 
time  of  transit,  an  entirely  uniform  ascent  with  constant  velocity  is  obtained. 

Such  corrections  are  entirely  justified  by  numerous  transits  of  prominences,  for  it  is  not  unusual  for  a  single  measure 
to  differ  from  the  mean  of  many  transits  by  more  than  0.5  sec.  The  assumption  of  unifonn  motion  is  unjustified,  how- 
ever, as  the  prominence  is  without  doubt  under  the  influence  of  gravity,  and  it  must  therefore  sink  at  the  time  it  is 
rising,  unless  it  is  impelled  upward  by  some  quite  problematical  continuous  force.  I  have  reduced  the  observed  altitudes 
on  the  assumption  of  constant  gravity  with  an  acceleration  of  270  meters,  and  again  sought  to  smooth  them  out  graphi- 
cally. I  found  that  the  observ'ed  times  of  transit  would  require  a  correction  of  0.7  sec.  in  only  one  case  in  order  to  be  in 
full  agreement  with  this  assumption.  Hence  it  appears  that  the  above  observations,  despite  the  capricious  ascent, 
are  by  no  means  inconsistent  with  the  assumption  that  the  prominence  is  a  mass  of  hydrogen  projected  from  the  sun, 
which  rises  above  the  chromosphere  with  the  velocity  of  empty  space  and  is  under  the  influence  of  gravity  alone.'* 

Now  the  velocity  is  354  km/sec.  at  a  height  of  218,000  km  above  the  sun.  This  is  over  half  the  parabolic 
velocity,  and  since  the  observations  cover  a  period  of  only  5  minutes,  the  straight  line  approximates  the 
parabola  very  closely  over  this  short  interval.  He  admits  that  the  straight  line  represents  the  observations 
just  a  little  better,  however.  Had  the  same  reasoning  been  ajjplied  to  a  more  slowly  moving  or  longer 
enduring  prominence  the  case  would  have  been  more  evident. 

Fenyi's  prominence  of  December  24,  1894,  the  duration  of  which  was  two  hom-s,  is  one  of  the  finer 
examples  exhibiting  the  characteristics  of  uniform  motion  broken  by  impulses.  When  we  take  the  promi- 
nence at  the  first  break,  and  appty  the  general  gravitational  formulae  of  page  208  (Nos.  1,  2,  and  3)  we  have: 

So=845,553km  jr=14°'2S=  C=227,469 

7o  =  144. 4  km/sec.       A  =453,373  Z)  =  536.76 

fl'=61,193km  B  =  :.0450  Si  =  906,746km 
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The  following  table  was  then  computed  from  formula  3. 

TABLE  V 


s 

t 

« 

t 

km 

845,553 

865,553 

885,553 

O-KX)' 
2  33 
5  53 

km 

906,746.... 
795 , 553 .... 

14"'2S" 
14  51 

Here  t  is  computed  from  the  time  the  velocity  began,  namely,  10'"19'"  G.M.T.,  and  s  from  the  center  of  the 
sun.  From  this  data  the  dotted  portion  of  the  curve  was  plotted  (Fig.  4,  No.  18).  One  would  hardly  say 
that  this  prominence  has  been  rising  "with  the  velocity  of  einijty  space  and  under  gravity  alone.  "  In  fact, 
with  manj'  of  the  prominences  it  is  impossible  to  represent  the  curve  under  gravitj'  on  the  scale  on  which 
the  obsers'ations  are  plotted,  on  account  of  the  small  dimensions  of  the  parabola. 

LATERAL  IMOTIONS 

I  am  here  using  the  term  "lateral  motions"  to  mean  motions  of  prominences  which  rise  from  the  sun's 
surface,  and,  iia.'vsing  over  a  trajecton',  generally'  re-enter  the  chromosphere.  I'nfortunately,  the  observa- 
tional ilata  with  detailed  measures  are  rather  scanty.  None  are  to  1)P  found  in  tlie  literature,  perhaps  on 
account  of  the  relatively  small  size  of  the  objects  involved.  Sufficient  data  were  secured  in  only  two  cases 
to  give  anything  like  a  life-history  of  such  ])henomena.  Like  the  great  eruptions,  thes^e  laterally  moving 
prominences  endure  only  a  short  period  of  time  with  high  velocities;  but,  unlike  them,  they  disappear, 
apparently,  not  bj-  fading  away,  but  by  bodily  re-entering  the  chromosphere — like  water  poured  into  a  pond. 
A  number  of  others  have  been  observed  with  the  spectroheliograph.  ami  while  the  data  are  not  sufficient  to 
warrant  analysis  here,  the  description  of  the  two  given  is  typical  of  all. 

1.  The  "sigrna"  prominence  of  September  23, 1919. — This])roiniuence  (.see  Plate  XXVIII)  as  photographed 
in  the  early  morning  would  have  been  classified  as  quiescent.  A  small  streamer  leaving  one  side  (exposure  1) 
entered  the  chromosphere  at  a  point  about  100,000  km  distant.  Toward  noon  the  whole  prominence 
seemed  to  rise  slightly  and  lean  violently  toward  the  point  above  indicated,  as  if  it  were  being  torn  from  its 
anchorage  in  the  chromosphere.  By  half-past  one  the  number  of  streamers  had  increased  to  five,  and  the 
whole  bodj'  began  to  disintegrate.  The  crest  was  torn  away  and,  traversing  a  trajectory,  entered  the 
chromosphere  225,000  km  from  the  starting-point  for  the  particular  knot  measured.  This  knot,  which  was 
the  most  briUiant  part,  was  always  connectetl  to  the  point  of  attraction  by  long  streamers  which  themselves 
followed  a  somewhat  shorter  orbit  of  similar  shape.  The  action  was  much  like  the  cracking  of  a  whip,  the 
end  swinging  out  and  going  beyond  the  path  followed  by  the  flexible  body.  Thirteen  exposures  (Plate  XXMII, 
Nos. 3-15),  during  the  principal  part  of  the  action,  were  measured  in  X  and  Y  co-ordinates  with  the  "blink" 
comparator  and  micrometer.  These  measures  were  reduced  to  thousand  kilometers  and  plotted  to  scale 
(Fig.  6,  No.  1).  The  direction  of  the  motion  was  toward  the  left,  as  indicated  by  the  arrow.  The  first 
three  oVj.'^rvat ions  (at  the  right)  were  made  while  the  knot  was  still  attached  to  the  ]iromin(>nc(',  and  are 
indicated  by  the  dotted  line.  Probabl\-  tlic\  mic  not  comparable  with  the  others  since  the  knot  was  not 
in  free  motion  at  the  time. 

While  the  trajectorj'  is  fairly  represented  l)y  the  ellipse,  yet  jierhaps  it  is  as  well  represented  by  a 
modified  form  of  curve. 

The  plotted  points  were  projectetl  on  this  mean  line  of  motion  and  their  distances  from  the  first  point, 
which  represents  the  beginning  of  the  motion,  were  mea.sured  off  along  the  curve.  These  measures  were 
then  plotted  against  the  time  of  observation,  as  before  in  the  .study  of  the  great  eruptions.  Plot  2  of  Figure  (i 
re|)re.'sents  this  curve.  It  is  very  aj)parent  that  the  law  of  motion  here  is  the  same  as  that  followed  by  the 
eruptive  prominences  already  discussed,  anti  that  the  velocitj'  (75.8  km /sec.)  is  of  the  same  order. 

2.  The  "rocket"  prominence  of  October  6,  1910.— Thi-  early  history  of  this  jirominenco  is  very  similar  to 
that  already  descrilwd  for  the  "sigma"  prominence  until  the  motion  began.  .\  piece  was  torn  off  bo<lily  from 
the  prominence,  on  the  side  opposite  the  streamers,  and,  without  any  visible  connection  with  the  chronio- 
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sphere,   traversed   a   trajectory   like   a   stone   thrown    from   a   eataimlt,  and    entered   the   chromosphere 
150,000  km  away.     Plate  XXIX  shows  twelve  exposures  during  the  period  of  activity. 

Eleven  plates  were  measured  in  X  and  }'  co-ordinates  and  plotted  to  scale  (Fig.  6,  No.  3).  The  astonish- 
ing; thing  is  that  the  trajectory  is  a  circle  of  radius  7.3, .")00  km  from  a  point  17,000  km  above  the  chromo- 
sphere.    The  center  of  the  circle  is  the  empty  cross.     Tlic  arrow  represents  the  direction  of  motion. 

100 


7S 


M 


26 


50 


N04 


v'gO 


Fig.  6. — Trajectories  of  the  prominences  of  (No.  1)  September  23,  1919;  (No.  3)  October  6,  1919.  Motions  of  the  promi- 
nences of  (No.  2)  September  23,  1919;  (No.  4)  October  6,  1919.  The  abscissas  of  Nos.  1  and  3  are  in  units  of  thousand 
kilometers,  and  of  Nos.  2  and  4  are  times  of  observation  (G.M.T.).    The  ordinates  are  in  units  of  thousand  Idlometers. 


The  plotted  points  were  projected  on  the  circle  and  their  distances  from  the  beginning  of  the  motion 
measured  as  before.  The  plot  of  these  measures  against  the  tunes  of  observation  is  given  in  plot  4,  Figure  6. 
The  data  in  this  case  are  not  conclusive,  since  a  smooth  curve  represents  the  measures  about  as  well 
as  the  broken  line.  About  double  the  niunber  of  observations  would  be  required  to  decide  the  question. 
Table  \T  gives  the  measures  for  these  two  prominences. 

TABLE  VI 


Exposed  at 

In  Units  of  1000  km 

Exposed  at 

In  Units  of  1000  km 

G.M.T. 

Distance 

G.M.T. 

Distance 

X 

y 

Trav- 
ersed 

-T 

Y 

Trav- 
ereed 

6''00°'52» 

0.0 

58.5 

4h39m2i » 

1.7 

20.3 

04  19 

4.7 

64.2 

0.0 

49  .50 

0.2 

21.9 

0.0 

12  45 

15.0 

82.9 

68.0 

57  12 

0.6 

21.5 

0.0 

.34  07 

83.4 

85.5 

68.0 

6  24  34 

9.9 

55.8 

34.1 

1.  September     23,     1919. 
Observed     by     Pettit. 
Spectroheliograph.  The 

42  32 
46  20 
52  05 
56  09 

110.9 
127.7 
147.7 
166.1 

94.2 
98.2 
96.1 
95.7 

97.6 
115.0 
134.5 
154.0 

2.  October  6,   1919.     Ob- 
served by  Pettit.  Spec- 
troheliograph.    The 
"rocket"  prominence. 

39  27 

45  16 

57  05 

7  07  08 

26.2 
31.0 
46.9 
61  9 

68.8 
70.3 
83.8 
87  4 

54.8 
59.7 
76.5 
96.7 
114.6 

"sigma"  prominence. 

7  00  19 

189.9 

92.4 

179.0 

16  02 

79.1 

88.9 

04  45 

205.3 

79.1 

199.5 

30  26 

110.1 

80.3 

147.5 

09  05 

207.4 

58.7 

220.0 

41  53 

147.6 

29.4 

213.0 

11  48 

207.5 

47.0 

231.0 

17  30 

193.5 

24.1 

257.0 
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INTERNAL  MOTIONS 

The  question  of  the  character  of  the  motions  relative  to  the  forces  acting  may  be  studied  iiulircctly  l^y 
observing  the  motions  of  knots  and  markings.  Such  data  are  not  so  rehable  as  that  just  described,  but  are 
used  here  as  correlative  evidence. 

It  would  be  of  interest  to  know  whether  the  streamers,  loops,  and  knots  actuiiily  indicate  the  direction 
of  movement  of  matter  in  the  prominence,  and  whether  the  matter  is  moving  into  or  out  from  the  chromo- 
sphere. With  this  idea  in  mind  nine  prominences  were  measured  in  the  "blink"  comjKirator  in  the  manner 
previously  described. 

Generally  speaking,  a  given  knot  or  marking  will  endure  only  over  two  or  three  plates,  occasionally  more, 
but  generally  losing  its  identity  verj-  soon.  Exjjerience  in  this  sort  of  work  shows  the  desirability  of  secur- 
ing plates  at  approximately  2-minute  intervals  in  order  to  follow  the  kaleidoscopic  changes. 

The  prominence  of  May  29,  1919,  proved  especially  rich  in  such  points,  and  in  this  prominence  alone  333 
points  were  measured  and  the  velocities  reduced  from  the  observed  displacements.  Plates  XXX  and  XXXI 
represent  this  prominence  in  five  stages  of  the  eruption."  Figures  7  and  8  are  pantograph  sketches  of 
Plates  XXX  and  XXXI  with  velocity  vectors  representing  the  observed  displacements  of  knots  and  other 
markings  in  km/sec.  Plate  XXXII  represents  the  eruptive  prominence  of  Juh-  15,  1919,  at  three  stages  of 
the  eruption,  and  Figure  9  is  a  pantograph  sketch  with  velocity  vectors.  Figure  10  is  a  pantograph  sketch 
of  the  "sigma"  prominence  of  September  23,  1919,  in  six  stages.  In  all  these  prominences  it  will  be  noted 
that  the  direction  of  motion  of  the  knots  is  along  the  streamer  into  the  chromosphere.  In  the  first  two 
cases  a  spot  was  the  jirincipal  objective  of  motion,  but  in  the  last  case  no  spot  was  present.  This  was  also 
true  of  the  "rocket"  prominence  of  October  6,  1919. 

Velocities  of  knots  reduced  directly  from  displacements  observed  in  eruptive  prominences  require  a 
correction  for  the  motion  of  the  prominence  itself  in  order  to  reduce  them  to  values  relative  to  the  sun's 
limb,  i.e.,  the  velocity  of  the  prominence  should  be  added  to  the  veitical  component  of  the  knot  as 
observed. 

If  this  were  done  algebraically  the  equations  would  take  the  form: 

tan<?'  =  ^i^l^^  (4) 

I   cos  6 

or 


T-'  = )   I"-  cos=  fl  (F  sin  fl-h  VpY ,  (5) 

,_Fsine-|-Fp 

sine'        '  ^' 

where  8  and  V  are  ob.served  position-angles  and  velocities,  the  6'  and  V  are  the  corresponding  corrected 
values,  and  Vp  the  velocity  of  the  prominence  at  tiie  time.  Since  there  would  be  over  three  liundred  of  the 
transfonnations  for  the  May  29,  1919,  prominence  alone,  a  graphical  method  was  adopted. 

An  accurate  cross-section  sheet,  16X20  inches,  ruled  to  0.1-inch  divisions  was  jirovided  with  a  quadrant 
(of  10-inch  radius  graduated  to  degrees)  in  one  corner.  Two  vector  arms  made  of  the  same  j)aper  read  the 
values  of  V  and  V,  and  the  value  of  Vp  was  laid  off  with  dividers  set  for  the  velocity  of  the  prominence. 
The  values  of  the  velocities  given  by  the  vectors  as  shown  in  the  foregoing  prominences  arc  given 
in  Table  VII. 

When  data  of  this  kind  are  studied,  it  will  not  be  surprising  that  anomalous  fiuantities  should  sometimes 
have  to  l>e  dealt  with. 

From  (he  list  of  measures,  series  of  j)oinls  located  along  a  streamer  were  .selected,  and  the  distances  from 
the  center  of  attraction  were  measured  i)y  means  of  a  scale  bent  along  the  st  reamer.     The  jilot  of  these  values 
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I'lo.  8. — Iiitomal  moliona  of  knots  in  tlio  proriiiiiencc  of  May  29, 
r.MK,  lui  iiiciimirwl  lit  thcglii(t<ii»li'iHii  in  Plate  XXXI.  The  velocities  at 
I  lie  nutiiliere<l  ixiiiits  are  re|ire(ieiitf<l  by  the  vectors. 
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Point 
No. 

Mens. 
PA. 

Meas. 
V. 

Corr. 
PA. 

Corr. 
V. 

Point 
No. 

Mean. 
P.A. 

Meas. 
V. 

Corr. 
PA. 

Corr. 
V. 

1 

2 

3 

4 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

20 

21 

22 

AB 

BC 

BD 

DcKrees 

275.0 

289.0 

14.9 

155.6 

5.9 

357.4 

3.1 

24.1 

22  2 

63.1 

63.5 

28.4 

5.8 

19.3 

152.4 

342.2 

341   1 

51.2 

170.5 

165.8 

180.6 

kni/sec 

6.5 
22.2 
55.5 
88.1 
31.2 
36.1 
22.3 
28.7 
50.8 
122.4 
130.6 
65.9 
59.6 
44.1 
83  2 
49.0 
58.5 
91.1 
11.9 
8.0 
8.3 

Degrees 

km/sec. 

c.  May  29 — Continued 

21 

22 

23 

AB 

Deifree* 
.3.50  4 
314.6 
312.5 
271.2 

km/BCc. 
18.4 
16  3 

Degree* 

krn/«ec. 

14  5 

24.5 

273.2 

9.8 

d.  May  29,  1919.  Fig.  8, 
stage  ((/).  Prominence 
velocity,  27.9-60.0 
km/sec. 

1 

2 

3 

4 

18 

19 

20 

22 

A 

B 

C 

301.3 
295  6 
295.5 
295.3 
343 . 1 
312.7 
312.4 
.324.0 
306.1 
277.7 
340.2 

68.1 
23.9 
62.5 
39.8 
18.0 
21.4 
51.1 
.54.9 
26.3 
.39.4 
55.3 

2.9 
75.2 

8,4 
49.3 

.36.0 
40,1 
27.3 
26.2 

a.  Miiv  29,  1919.   Fig.  7, 

stage  (a).  Prominence 

.39.6 
.344.5 
3.54.7 

24.0 
295.5 

10.2 

19.0 
.36.0 
44.8 
16.8 
12.5 
53.0 

at  rest  at  this  stage. 

e.  May  29,  1919.   Fig.  8, 
stage  (e).  Prominence 
velocity,  60  km/sec. 

2 
4 
5 

267.4 
120.5 
346.4 

44.9 
35.4 
43.5 

102.6 
54.5 
49.7 

15.4 
31.0 
65.8 

a.  July  15,  1919.   Fig.  9, 
stage  (a).  Prominence 
velocity,  37.0  km/sec. 

1 

2 
3 
4 
5 
6 
7 

261.1 

295.4 

352.5 

5.4 

257.2 

.39.2 

90.0 

61.6 
38.7 
.56.7 
53.3 
75.9 
91  9 
62.4 

247.0 
8.5 
28.2 
38.6 
81.5 
.53.0 
90.0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

A 

B 

C 

D 

E 

F 

G 

H 

22.8 

0.0 

340.7 

3.3 

152.9 

44.9 

149.9 

137.8 

17  7 

22  7 

23  2 
22.9 
33.1 
25.9 
45.8 
54.8 
.59  1 
64  2 
62.0 
45  7 
25  2 

267  0 
264  5 
258.6 
2.58.6 
252.7 
2.52.6 
268.5 
268.5 

.53.8 

29.4 

6.1 

19.3 

109.1 
86.2 
.55.7 
22  6 
43  6 
13.1 
38.2 
34.8 
42.4 
42.5 
77.7 
91.5 
64  2 

1.32  9 

108  2 
84.5 

1.55  4 
.59.9 

102  8 
.52  3 
84.7 
67.8 
75.6 
.39  3 
99  0 

25.4 
16.6 

64.0 

19.0 
150.4 
47.3 
145  2 
129.1 
24  1 
40  9 
29.9 
30.6 
38.8 
32.0 
48.5 
.56  7 
61.2 
65  0 
63  2 
48.2 

20.4 
111.6 
90.5 
58.5 
26.6 
45.6 
16.0 
41.7 
37.4 
45.6 
45.2 
81.6 
96.1 
68.4 
137  9 
113.2 
88.5 

68.0 
112.5 
119.0 

99.4 

6.  July  15,  1919.   Fig.  9, 
stage  (6).  Prominence 
velocity,  163. 9kra/ sec. 
No  points  were  identi- 
fiable in  stage  (c). 

AB 
2 
3 

4 
5 
6 
1 

2.52.8 
271.5 
272.1 
.322.2 
340 . 5 
47.6 
74.2 

139.7 
63.5 
64.2 
50.0 
.52.5 
148.8 
117.9 



6.  May  29,  1919.  Fig.  7, 
stage  (6).  Prominence 

89.2 

88.9 

73 

71 

69.5 

83.6 

100.0 

100.3 

138 

1.52.5 

291 

281 

velocity,  5.5  km/sec. 

a.  September  23,    1919. 
Fig.     10,     stage     (a). 
The  "sigma"  promi- 
nence.     Exposure  at 
4''55»40»  G.M.T. 

1 
2 
3 
4 
5 
6 
11 

293 
299 
293 

2 
285 

6 
279 

.53.7 
59.8 
44.6 
23.5 
49.2 
25.9 
70.1 

266.6 
264.3 
257.1 
2.57.6 
251  5 
251.5 
268.5 
268.5 

.54.4 
97.4 
46  9 
79.0 
62.5 
70.4 
33.8 
93  5 

b.  September  23,    1919. 
Fig.     10,     stage     (6). 
Exposure  at  6''00'"52». 

1 
2 
3 
4 
5 
6 
7 

193 
263 
279 
3.53 
32 
359 
218 

64.4 
80.2 
60.3 
28.0 
61.8 
33.4 
95.3 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

329  0 

295 . 1 

314.5 

334.6 

312  5 

306.9 

3.58  2 

3.57  7 

6  3 

37.7 

89.8 

304  1 

303.5 

298.8 

269.8 

276.5 

320.2 

18.2 

24.7 

338  6 

19  3 
23.5 
30.0 
34.0 
14.5 
17.6 
35.4 
23  3 
.35  4 
76  4 
106  9 
19.1 
26.7 
19  2 
8.6 
11.6 
26  3 
62  5 
25.0 
10  9 

16  0 

326.5 

342.4 

0.2 

17  3 
11  9 
22.0 
30.9 

c.  September  23,    1919. 
Fig.     10,     stage     (c). 
Exposure  at  6''12"'45= 
G.M.T. 

4 
6 
9 

2.54 

4 

38 

39.6 
46.5 
38.1 

3.5 

21.0 

30.7 

28.0 

45  3 

90  0 

354.5 

332.7 

347.2 

90.0 

66  9 

3.54.2 

29.8 

10.5 

38.0 

27.1 

40  0 

86.2 

121  6 

10.8 

16  6 

9.5 

6  1 

3.7 

20.4 

68.6 

d.  September   23,    1919. 
Fig.     10,     stage     (d). 
Exposure  at  6''34'°07' 
G.M.T. 

6 
1 

314 
314 

67.1 
56.0 

c.  May  29,  1919.  Fig.  7, 
stage  (c).  Prominence 
velocity,  14.7  km/sec. 

e.  September   23,    1919. 
Fig.     10,     stage     (e). 
Exposure  at  6'>46"'20» 
G.M.T. 

6 

1 
2 
3 
4 

296 
189 
268 
234 
279 

64.0 
84.3 
73.2 
84. S 
63.3 

/.   September   23,    1919. 
Fig.     10,     stage     (/). 
Exposure  at  7''09°'05« 
G.M.T. 

6 

203 

92.9 

! 
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of  the  velocity,  as  ordinates,  against  the  distance  of  the  knot  from  the  center  of  attraction,  as  abscissas, 
for  the  prominence  of  May  29,  1919,  is  given  in  Figure  11.  The  mean  curve  for  each  streamer  was  plotted, 
but  only  the  mean  of  all  the  curves  is  shown  here  as  a  full  line. 

A  study  of  this  curve  sliows  that  the  velocities  increase,  from  about  25  km  sec.  at  .500,000  km  above  the 
chromosphere  to  about  200  km,  sec.  at  the  chromosphere,  according  to  an  exponential  law  which  would  give 
nearly  constant  velocities  for  points  high  up.  One  must,  of  course,  take  this  curve  to  represent  only  the 
approximate  general  relation  of  velocities  to  distance,  and  not  an  exact  statement  of  the  conditions  obtain- 


■> 


^ 


■^ 


Fig.  9. — Internal  motions  of  knots  in  the  prominence  of  July  15,  1919,  as  measured  at  the  stages  shown  in  Plate  XXXIl, 
a  and  6.     The  velocities  at  the  measured  ixjints  are  represented  by  the  vectors. 


ing  at  any  point.  Doubtless  the  velocity  of  a  given  knot  is  a  function  of  its  mass  antl  other  unknown 
|)hysical  quantities,  as  well  as  of  its  distance. 

That  gravity  may  or  may  not  play  a  part  in  the  descent  of  matter  in  the  streamer  may  be  determined 
by  comparing  the  obser\'ed  velocities  with  the  values  comi)uted  by  the  gravitational  formula. 

By  way  of  anticipation  one  might  sui)i>osc  that  the  velocities  ob.servcd  would  exceed  tho.se  computed, 
since  it  is  quite  certain  that  the  cent^T  of  attraction,  the  spot,  is  exerting  a  force  on  the  matter  in  the  streamer 
which  w  the  princii)al  cause  of  the  whole  i)henomenon.  Curiously  cnougii,  however,  this  is  not  the  case, 
as  will  hft  seen  from  Table  VIII  taki-n  from  i)latcs  where  velocities  ne.ir  liio  cluomosphere  were  mea.sured. 
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The  value  at  the  chroniosphero  obtained  from  the  mean  curve  (FIk.  11)  is  added  by  way  of  comparison. 
In  Table  VIII,  .v,  repiesents  the  ai)i)ar(>iit  orijiiii  of  (lie  streamer  at  the  iioint  where  it  appears  to  leave  the 
main  body  of  the  prominence  measured  from  the  center  of  the  sun,  and  so  is  the  observed  distance  of  the 
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Fig.  10. — Lateral  and  internal  motions  of  knots  in  the  prominence  of  September  23,  1919,  as  measured  at  the  corresponding 
stages  shown  in  Plate  XXVIII.     The  velocities  at  the  numbered  points  are  represented  by  the  vectors. 

knot  from  the  center  of  the  .sun  at  the  point  where  the  velocity  observed,  Fobs,  was  measured.     Fcomp.  is 
the  velocity  computed  from  the  general  gravitational  formula 


T'comp.  =  \J2gR-^^ — |-  Vi 


SlSo 


(7) 
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where  T,  is  the  initial  velocitj-.  When  1',  is  put  equal  to  zero,  the  formula  becomes  equation  (1)  on  page  208. 
In  equation  (7),  F,  was  taken  equal  to  zero  except  in  the  case  of  the  mean  curve,  where  it  was  taken  to  be 
25  km/'sec.     Tobe.  is  the  vertical  component  of  the  measured  velocity,  since  gravity  acts  in  that  direction 
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Fig.  11. — Plot  of  the  motions  of  knot.s  along  the  streamers  in  the  prominonec  of  May  29,  1919.     The  ordinates  are 
velocities  in  km/sec,  and  the  abscissas  are  distance  from  the  center  of  attraction  in  thousand  kilometers. 

TABLE  Mil 


Plale  No 

Knot  No. 

«• 

•i 

'   conip. 

''„bs. 

Fob.. 
y  comp. 

70 

14 
18 
12 
26 
18 
15 
19 
Hi 
2 

km                         km                     km/sec. 
735.000     '       815.600                 187 
715  (KHI              .S.')5  t)(X)                  244 

km/aec. 
97 

102 
86 
53 
63 
89 
94 

110 
(WJ 

200 

0.52 

76 

.41 

78 

7.55,  tKXt             .Sti5,6(X) 
775,  WX)     1       8.55,600 
775,  (MX)             ,8.55,600 
815, 6<X)     '    1,015,600 
815,6<X)        1,()35,()(X) 
775, (MX)        l,070,()(X) 
7.55, (KH)        1   075  6(X) 

210 
177 
177 
251 
261 
305 
H>1 

.41 

80 

.30 

81 

.36 

88 

.35 

89 

.36 

90 

.36 

91 

.20 

• 

695,600     ;   I. 195. con                 f'l 

.5 

*  From  the  meftJi  curve.     W  taken  equal  to  25  kni/«ec. 


and  it  is  obtained  bj'  applying  the  coefficient  cos  {6—<t>—lS0°)  to  the  measured  velocity,  where  0  is  the 
position-angle  of  the  knot  and  4>  is  flic  position-angle  of  tiie  vector  of  motion,  tlio  sign  of  the  coefficient 
always  b<-ing  lakeii  a.s  positive. 

Judging  from  the  fact  that  the  ob.serveil  velocities  are  only  from  two-tenths  to  five-tenths  of  the  values 
they  ought  to  have  from  the  gravitational  comjionftit  alone,  and  negit^i-ting  the  attraction  of  the  spot  (which 
'•^  '^"  principal  center  of  attraction  in  this  ca»c)  altogether,  one  is  led  to  question  whether  gravity  has 
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anything  to  do  with  the  motions  of  these  knots.     This  view  is  further  strengthened  by  data  taken  from 
the  other  eight  prnminonpcs  moiitionod  on  page  223.     Those  dat;i  arc  pollofted  for  comparison  in  Table  IX. 

TABLE  IX 


Prominence 

Plate  No. 

Knot  No. 

S« 

<■ 

'  comp. 

^'ob.. 

''ob.. 
*  comp. 

July  15,  1919 

26 

29 
Or.apli 

Ot) 
Graph 

59 

2 
1 

km 

765,600 
735,  ()0() 
695,600 
705,600 
695,600 
695,600 

km 

945,600 
1,015,600 
790,600 
7.35,600 
782,600 
735,600 

km/sec. 

255 
313 
212 
127 
204 
147 

km/8cc. 

79 
102 
54 
11 
95 
25 

0  31 

July  15,  1919 

September  23,  1919 

September  24,  1919 

October  6,  1919 

0.32 
0.35 

1 

0.09 
0.47 

March  27,  1920 

4 

0.17 

It  may  be  said,  then,  tiiat  in  general  these  knots  have  velocities  which  are  in  the  neighborhood  of  one-third 
or  one-fourth  of  that  which  gravitj-  alone  ought  to  give  to  them. 


MOTIONS  IN  THE  PROMINENCES  OF  THE  SPOT  OR  "SPLASH"  TYPE 

Particular  interest  is  attached  to  prominences  connected  with  the  spots,  in  that  they,  without  doubt, 
serve  as  indicators  of  the  extended  field  of  activity,  which  may  have  produced  the  spot  itself. 

Slocum^  has  cited  two  cases  of  prominences  near  spots,  in  which  accelerated  motion  of  the  matter  into 
the  spot  was  observed  by  him.  Evershed,"  however,  in  writing  about  the  Kodaikanal  observations  says, 
".  .  .  .  but  we  have  never  seen  any  evidence  of  the  attraction  of  sun-spots  for  prominences,"  and  again 
(op.  cit.,  p.  106),  "No  case  has  been  found  in  which  prominences  were  falling  into  sun-spots,  but  the  reverse 
has  several  times  been  observed."     His  general  conclusion  {ibid.,  p.  91)  is  that 

The  investigation  has  confirmed  our  previous  belief  that  gas  is  always  rising  in  the  center  of  this  type  of  prominence, 
and  that  this  uprushing  gas  has  a  tendency  to  fall  back  upon  the  chromosphere  at  some  distance  from  the  sun-spot, 
sometimes  building  up  banks  or  columns  there  (see  Plate  IX,  Figs.  3  and  4),  sometimes  apparently  contiiming  to  rise  and 
fall  like  fountains  in  the  form  of  arches  (Plate  IX,  Figs.  .5  to  8),  so  that  a  fully  developed  spot-prominence  covers  a 
large  space. 

The  plates  referred  to  are  not  reproduced  here. 

A  glance  at  Figures  7,  8,  and  9  will  convince  one  that  the  matter  in  the  prominences  of  May  29  and 
July  15,  1919,  was  moving  into  the  spot  in  each  case  connected  with  the  prominence — and  that  in  spite  of  the 
fact  that  the  prominences  were  rushing  upward,  away  from  these  spots,  with  high  velocities,  and  that  the 
spot  in  each  case  was  of  the  round  "normal"  type.  Plate  XXXIII  shows  a  direct  photograph  and  a  calcium 
spectroheliogram  of  the  spots  connected  with  the  prominence  of  May  29,  1919. 

In  order  to  secure  additional  evidence,  three  prominences  of  the  splash  type  and  one  of  the  fountain 
type  were  observed  at  short  intervals  and  the  motions  measured  in  detail  in  the  "blink"  comparator. 

The  first  of  these,  the  splash  prominence  of  August  17,  1917  (observed  by  Mrs.  Pettit  and  myself),  was 
connected  with  the  great  spot  of  that  month.  This  spot  was  the  largest  and  most  active  of  the  present  cycle. 
Plate  XXXIV  shows  a  calcium  spectroheliogram  of  both  spot  and  prominence.  Figure  12  is  a  pantograph 
sketch  of  this  prominence.  A  streamer  from  the  suspended  wing  is  moving  into  the  spot  at  the  rate  of 
8  km/sec,  and.  an  isolated  knot  is  descending  with  a  velocity  of  1  km /sec.  The  low,  detached  prominence 
under  the  wing  is  being  projected  into  a  point  of  attraction  2.50,000  km  away  at  the  rate  of  7.4  km  'sec. 

The  prominence  of  March  27, 1920,  was  connected  with  the  great  spot  of  that  month.  Plate  XXXV  shows 
this  prominence  and  the  associated  spot.     In  this  case  49  points  were  measured  on  a  series  of  21  exposures. 

^  Asirophysical  Journal,  36,  265,  1912. 
9  Mem.  Kod.  Obs.,  1,  Part  II,  93. 
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Velocities  into  the  sjiot  seemed  to  average  30  km  'see.  Two  cases  of  rei^ulsion  were  observed — one  a  streamer 
projected  from  the  suspended  clouiJ,  and  one  an  eruption  from  the  same  cloud.  The  first  followed  a  flat 
trajectorj-  and  re-entered  the  chromosphere  150,000  km  away.  The  eruption,  on  the  other  hand,  rose 
nearly  vertically  with  a  uniform  velocity  of  25  km/sec.  and  faded  away.  This  was  followed  with  6  exposures 
over  a  period  of  15  minutes.     The  measures  were  made  in  the  comparator. 

The  prominence  of  March  2!t,  1920,  was  also  associated  with  this  spot  group.  In  this  case  15  measures 
on  5  exposures  were  made.  Two  low  splashes  endured  throughout  the  series.  Three  exposures  were  made  on 
the  high,  separated  splash.  This  i>rominence  is  shown  in  Plate  XXXV.  The  fir.st  two  splashes  were  moving 
into  the  spot  with  a  slowly  increasing  velocity  of  40  km/sec.  and  the  high  splash  with  a  velocity  of  10  km  sec. 

The  prominence  of  September  22,  1919,  was  an  excellent  case  of  the  fountain  type.  On  15  exposures 
made  at  intervals  of  5  minutes,  41  points  were  measured  in  the  comparator.  These  measures  indicate  an 
average  velocity  of  35  km  sec.  into  the  spot.  One  streamer  was  caught  in  the  process  of  forming  a  closed  loop 
of  the  fountani.  Tliis  is  the  central  streamer  of  the  figure  (Plate  XXXVlj  slightly  inclined  to  the  left.  For 
half  an  hour,  up  to  the  seventh  exposure,  it  had  been  standing  motionless.  On  the  eighth  and  succeeding 
exposures  it  is  seen  to  descend,  the  whole  column  seeming  to  break  away  and  follow  it  in  its  arched  path. 


10  KM/SEC. 

Fig.  12. — Lateral  and  internal  motions  of  knots  in  the  splash  prominence  of  August  17,  1917,  which  was  situated  over 
the  great  spot  of  that  month. 

The  velocity  of  the  ascending  end  was  30  km/sec.  The  descending  end  had  approximately  the  same  velocity 
until  about  halfway  down  when  the  velocity  increased  to  80  km/sec.  On  the  fourteenth  exposure  it  touched 
the  chromosphere  and  on  the  next  exposure  it  had  tlisappeared.  Only  2  cases  of  repulsion  were  observed 
in  this  prominence  out  of  the  41  measured  points. 

Slocum'"  gives  velocities  of  "  IG,  20,  and  60  km  per  second  "  for  three  knots  in  his  prominence  of  October  8, 
1910,  moving  into  a  spot.  These  plates  were  remeasured  in  the  comparator  as  previously  described  and  the 
values  5.2,  8.0,  and  44.3  km.'sec.  obtained.  Two  other  knots  at  the  left  (op.  cit.,  Plate  XI,  4''34'"9).  not 
mentioned  by  Slocum,  were  measured.  Their  distances  from  the  spot  as  indicatetl  by  Slocum's  arrow  are 
125,000  and  100,000  km,  and  their  velocities  19.7  and  37.8  km/sec,  respectively,  toward  the  spot. 

In  his  prominence  of  October  22,  1910  {loc.  cit.),  Slocum  gives  velocities  of  80  and  110  km  sec.  for  two 
intervals  between  three  exposures.  All  three  knots  in  the  streamer  were  jneasureti  in  the  comparatoi-  anil  I 
get  for  the  first  pair  of  exposures  18.4,  31.1,  and  85.8  km/sec.  in  order  of  their  increasing  distances  from  the 
spot.  For  the  small  detached  mass  at  the  right  I  get  34.8  km/sec.  Slocum  gives  10,000  km/sec,  which  is 
obvi«jusly  an  i-rror  of  prititing. 

Plotting  these  velocities  against  the  distance  of  the  knot  from  the  spot,  a  nearly  linear  increase  of  velocity 
with  the  decrease  of  distance  is  obtained.  The  vertical  component  of  the  maxinmm  velocity  observed  here 
was  52  km/sec.  against  168  km/sec.  computed  by  the  gravitational  fornmla,  a.ssuming  the  matter  to  have 

»  Atlrophyncal  Journal,  36,  205,  1912. 


The  Forms  and  Motions  of  the  Solar  Prominences 229 

started  from  the  point  where  the  streamer  leaves  the  prominence.     Here,  again,  it  seems  that  gravity  can 
have  httlo  to  do  with  the  motion  of  the  matter  into  the  spot. 

Tlie  prominence  of  May  9,  191],  was  a  splash  over  a  small  active  spot  on  the  southwest  limb.  Two 
exposures  were  taken  by  Sloi'uni  iiiider  Rood  olj.sorving  conditions  and  with  an  interval  of  2  minutes 
(Plate  XXXVII).  I  have  measuretl  the  4  small  knots  in  the  splash  directly  over  the  spot  and  2  knots  in  the 
streamer  at  the  left.     The  velocities  obtained  are  given  in  Table  X,  all  of  which  are  directly  toward  the  spot. 

TABLE  X 


Point  N"o. 

Velocity 

Point  No. 

Velocity 

1 

km/sec. 

38.4 
69.6 
31.1 

4 

km/sec. 
.54   9 

2      .  . 

.5 

21   3 

3 

6 

21.3 

Occasionally  a  brilliant  spike  will  be  projectetl  from  the  vicinity  of  a  spot,  and,  rising  20,000  or  30,000 
kilometers,  will  fall  again  in  the  same  region  in  a  more  or  less  circular  arc.  These  are  of  the  class  of  metallic 
prominences.  One  of  these  was  observed  on  July  3,  1920,  over  an  active  spot  on  the  west  limb.  It  rose 
with  a  velocity  of  30  kmy''sec.,  and,  breaking  into  a  spray  at  the  highest  point  reached,  iirecipitated  itself  on 
to  the  spot  25,000  km  below.  A  broken  stump  remained  as  a  brilliant  spike,  graduall}'  fading  during  the 
next  two  hours. 

In  all  the  prominences  here  described  and  in  any  others  which  I  have  observed,  no  tendency  for  the 
prominence  gases  to  pile  up  after  falling  back  on  the  chromosphere  was  ever  noted.  On  the  contrarj',  they 
entirely  disappear,  like  water  poured  into  a  pond.  The  prominences  shown  on  Plates  XXVIII-XXXII 
illustrate  this.  I  cannot  believe  that  "this  uprushing  gas  has  a  tendency  to  fall  back  on  the  chromosphere 
at  some  distance  from  the  spot,  sometimes  building  up  banks  or  colmims  there."  In  fact,  I  have  shown  a 
number  of  cases  here  where  the  matter  was  moving  from  the  "banks"  into  the  spot.  I  am  convinced  that 
this  is  the  normal  state  of  affairs,  and  that  the  "banks  or  columns"  are  of  a  more  or  less  accidental  nature — 
probably  having  risen  through  the  coarser  structure  of  the  solar  surface  in  the  neighborhood  of  the  spot — and 
are  subject  to  the  attractive  forces  emanating  from  the  spot. 

CENTERS  OF  ATTRACTION 

That  there  are  centers  of  attraction  on  the  sun,  where  no  spot  or  other  marking  appears,  is  to  be  inferred 
from  the  common  circumstance  of  prominences  from  which  streamers  e.xtend  nearly  parallel  to  the  limb, 
finally  turning  downward  and  terminating  in  the  chromosphere.  The  prominences  of  September  23,  1919, 
and  October  6,  1919,  already  cited,  were  phenomena  of  this  sort.  Two  such  centers  of  attraction  appeared 
under  the  prominence  of  May  29,  1919,  at  latitudes  -10°  and  —25°  (see  pantograph  sketch,  Figures  7 
and  8).  Indeed,  the  streamers  from  the  prominence  descended  to  the  former  point,  in  preference  to  the  spot, 
when  the  prominence  had  attained  a  height  of  760,000  km. 

Further  evidence  that  the  attraction  is  felt  far  out  beyond  the  regions  of  the  prominences  is  indicated  by 
the  effect  of  such  a  point  which  appeared  on  the  western  lunb  during  the  eclipse  of  June  8,  1918,  at  latitude 
15°  north,  nearly  midway  between  the  "heliosaurus"  and  the  neighboring  prominence  on  the  north,  two 
prominences  which  attracted  attention  on  account  of  their  form.  At  the  point  where  the  streamers  from  the 
two  prominences  seem  to  converge  into  the  chromosphere,  the  streamers  of  the  corona  radiate  awaj'  in  a 
striking  fanlike  form,  strongly  suggesting  the  "lines  of  force"  about  the  pole  of  a  magnet.  On  the  photo- 
graphs taken  at  Matheson,  Colorado,  these  streamers  can  be  traced  at  least  a  solar  diameter  from  the  center 
of  attraction.  The  effect  is  nicely  seen  in  the  painting  by  Howard  Russell  Butler,  from  his  visual  observa- 
tions, supplemented  by  a  study  of  photographs  of  the  eclipse. 

That  many  of  the  cases  of  leaning  prominences  are  due  to  such  centers  of  attraction  rather  than  to  any 
atmospheric  current,  of  the  nature  of  a  wind,  in  the  corona  may  be  inferred  from  the  circumstances  just 
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related.     No  stream  effect  of  the  kind  one  would  expert,  if  winds  in  the  corona  actually  ])roduced  these  forms, 
has  been  found  to  exist.     The  case  just  citeii,  at  the  eclipse,  certainly  could  not  be  so  classified. 

STUBBORN  KNOTS  AND  EDDIES 

A  curious  phenomenon  was  occasionally  encountered  in  the  measurement  of  the  internal  motions  of 
prominences.  Generally  all  the  bright  knots  in  a  given  region  of  a  prominence  were  fountl  to  move  with 
approximately  the  same  speed  and  general  direction.  Occasionally  one  of  these  knots  would  remain  sta- 
tionarj-  over  several  exposures,  finally  to  be  dragged  along,  rather  reluctantly,  with  the  rest  of  the  matter 
which  had  been  rushing  past  it  at  20  or  30  km  sec. 

In  at  least  two  cases  these  stubborn  knots  appear  to  have  been  the  cause  of  an  eddy  in  the  prominence. 
In  the  prominence  of  May  29,  1919,  these  were  first  encountered  near  the  points  A  and  B  in  Figure  7c. 
Other  points  arranged  themselves  on  either  side  of  these,  moving  with  low,  slowly  increasing  velocities,  in  the 
reverse  direction  of  the  general  stream  toward  the  spot.  A  spiral  arrangement  then  i)egan  to  manifest  itself, 
the  free  end  of  the  prominence  rotating  like  a  corkscrew. 

The  linear  velocities  of  5  points  on  Plate  XXXI  were  measured  in  the  last  exposures,  and  from  these 
values,  and  the  radius  of  the  spiral,  the  period  of  rotation  is  giveo  in  Table  XI. 
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The  prominence  of  September  11,  1919,  had  the  appearance  of  the  quiescent  type,  in  the  forenoon. 
Toward  afternoon  a  streamer  extending  out  of  one  side  indicated  a  strong  attraction  in  that  direction. 
Between  2''50"'  and  3''20'"  the  whole  prominence  was  torn  apart,  and  it  drifted  off  in  the  tlirection  of  the 
streamer  with  a  mean  velocity  of  35  km  sec.  Mean  velocities  of  50-60  km/sec.  were  maintained  by  knots 
at  various  times  until  the  last  exposure  at  5''45'". 

A  stubborn  knot  appeared  at  SHS",  and  at  4''6'"  it  began  a  slow  retrograde  motion.  An  elliptical  eddy 
formed,  and  in  the  next  five  minutes  the  matter  on  one  siile  was  moving  in  one  direction  with  a  velocity  of 
55  km 'sec,  and  on  the  other  side  with  an  equal  velocity  in  the  other  direction,  while  the  matter  at  the  two 
ends  of  the  ellipse  appeared  to  be  stationary.  The  diameter  of  the  eddy  was  70,000  km,  whence  the  period 
of  rotation  was  1''7"'. 

A  peculiar  case  was  observed  in  the  "rocket"  prominence  of  October  C,  1919.  This  was  the  prominence 
from  which  a  piece  was  torn  away,  and,  following  a  circular  trajectory,  re-entered  the  chromosphere.  A 
notch  appears  just  under  the  point  of  this  comet-like  portion  in  the  sixth  exposure  shown  on  Plate  XXIX. 
It  can  be  traced  a  little  farther  back  into  the  tail  each  time  in  the  succee<ling  exposures  until  the  tenth 
one  is  reached.  As  a  matter  of  fact,  this  notch  is  stationary  and  the  prominence  is  moving  over  it  in  much 
the  same  manner  that  a  rope  would  appear  when  dragged  over  a  log.  Here,  then,  we  have  an  invisible  stub- 
born knot,  probably  made  of  matter  which  does  not  radiate  the  H  line  of  calcium. 

STATISTICAL  DATA  ON  ERUPTIVE  PROMINENCES 

1.  Velocitien  generated  during  an  eruption. — The  twenty-four  cases  of  eruptive  j)rominences  alreadj'  given 
cover  all  the  published  data  which  I  have  l)cen  able  to  find,  in  which  more  than  three  observations  were 
made  during  the  ri.se  of  the  prominence.  If  is  ol>vious  that  where  only  two  ojj.servations  iiave  been  made 
the  actual  values  of  the  velocities  and  heights  are  rather  |)i()i)lematic,  especially  in  the  visual  results.  This 
applies  more  particularly  to  the  more  rapid  motions. 

The  mean  maximum  velocity  for  the  24  cases  is  153  kiU/Scc.  and  a  maximum  velocity  of  100  km/sec.  was 
att.iiticil  ill  '.'.  i-iuses. 
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All  cases  of  proniincnces  reaching  a  height  Rreatcr  than  LW,000  km  were  collected.  Of  the  25  cases 
found,  not  including  any  of  the  foregoing,  the  average  velocity  i.s  298  IcM/sec.  This  high  average  is  due  to 
several  individual,  high  velocities.  Buss  observed  one  on  March  3,  1907,  which  reached  a  height  of 
750,000  km  with  a  velocity  of  (iOO  km  sec.  I  have  been  unable  to  learn  the  details  of  the  observation. 
Trouvelot  observed  one  on  July  1 1 ,  1892,  which  reached  a  height  of  427,000  km  with  a  velocity  of  715  km/sec. 
Lockyer  observed  velocities  of  300-400  km/sec.  Secchi  states  that  "  Ilespighi  declares  he  has  ob.served 
'initial'  velocities  of  GOO,  700  and  even  800  km/.sec,"  but  that  "these  figures  are  in  need  of  confirmation." 
If  this  means  that  the  "initial"  velocities  were  reduced  from  the  observed  velocities  with  the  gravitational 
theorj',  then  the  values  are  erroneous  in  the  light  of  what  we  have  seen  to  be  the  character  of  the  motion  of 
eruptive  prominences. 

Fenyi  observed  an  eniption  on  June  17,  1891,  in  which  a  radial  velocity  of  800  km/sec.  was  measured  and 
a  velocity  of  ascent  of  485  kiu/sec.  observed.  The  circumstances  of  the  observation,  however,  were  not  the 
best.  The  whole  ascent  only  lasted  about  210  seconds,  during  which  he  observed  7  transits  of  both  apex  and 
base,  determined  the  line-of-sight  velocity  with  the  micrometer,  and  observed  the  character  of  the  spectrum. 
The  duration  was  computed  from  the  times  of  transit,  allowing  suitable  time  for  resetting  the  telescope  and 
making  the  record.  An  error  in  this  estuiiate,  of  course,  would  affect  the  result  abnormally  on  account  of 
the  short  duration. 

Proctor  is  often  cjuoted  for  a  velocity  of  800  km/sec,  but  this  was  an  initial  velocity  computed  from 
Young's  obsen'ation  at  Sherman,  Wyoming,  on  September  7,  1871,  when  a  velocity  of  217  km/sec.  w'as 
observed.  The  computation  was  based  on  the  gravitational  theory  and  a  hypothetical  atmospheric 
resistance. 

All  these  observations  were  made  visually,  with  rather  short  intervals  and  two  observations  of  the  time, 
and  consequently  they  are  subject  to  a  large  percentage  of  error. 

Line-of-sight  velocities  as  high  as  1000  km/sec.  have  been  reported  several  times.  The  interpretation 
of  these  results  is  somewhat  doubtful  as  yet.  Generally  no  two  lines  of  the  same  element  will  give  even 
approximately  equal  velocities,  and  other  elements  show  no  shifts  at  all.  Young's  observation  of  August  3, 
1872,  illustrates  this  point. 

We  may  conclude,  then,  that  velocities  greater  than  400  km/sec.  occur  only  rarely,  and  the  results  cited 
above  must  be  accepted  with  caution  until  confirmed  by  photography. 

2.  Positiotis  of  the  breaks  in  the  curves. — There  seems  to  be  no  general  connection  among  the  breaks  in 
the  curves.  Thus  in  the  prominence  of  May  29,  1919,  there  were  4  breaks  in  760,000  km,  while  in  that  of 
July  15,  1919,  there  is  only  1  break  in  720,000  km.  This  circumstance  would  preclude  the  theory  of  a  strati- 
fied atmosphere,  as  an  explanation  of  the  sudden  increases  in  velocity,  unless  one  uiaj-  suppose  that  the 
stratification  varies  in  an  eiTatic  manner. 

3.  The  distribution  in  latitude. — This  shows  a  strong  maximum  in  the  sun-spot  zones,  although  some 
have  been  observed  in  high  latitudes.  Deslandres'  prominence  of  May  31,  1894,  appeared  in  latitude  80°. 
Those  observed  in  the  past  ten  years  appeared  almost  entirely  in  the  hemisphere  0°-190°  of  longitutle,  while 
those  observed  prior  to  that  interval  regress  into  the  other  hemisphere. 

4.  Relation  of  the  velocity  to  height. — Generally  speaking,  the  higher  prominences  have  the  higher  velocities, 
as  one  might  expect  to  result  from  the  principle  of  motion  found  to  obtain.  There  are,  on  the  other  hand, 
numerous  instances  of  high  velocities  at  low  altitudes.  Buss  observed  a  velocity  of  280  km/sec.  in  a  promi- 
nence which  reached  a  height  of  only  30,000  km.     At  this  point  the  normal  velocity  is  only  5  or  10  km/sec. 

5.  Relation  between  spots  and  eruptive  prominences. — That  there  is,  in  general,  no  apparent  connection 
between  spots  and  prominences  has  been  shown  by  Lee."  This  applies  to  eruptive  prominences  in  particu- 
lar. While  the  eruptive  prominences  of  May  29  and  July  15,  1919,  were  associated  with  sun-spots,  yet  in 
this  respect  they  weie  quite  in  a  class  by  themselves.  No  other  eruption  observed  with  a  spectroheliograph 
shows  any  connection  between  a  spot  and  an  eruptive  prominence,  and  generally  no  marking  appears  on  the 
disk-plate  in  the  region  of  the  eruption. 

''  Astrophysical  Journal,  45,  200,  1917. 
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While  the  evidence  of  the  visual  observers  is  not  of  such  a  certain  nature,  and  occasionally  no  mention 
is  made  of  the  condition  of  the  disk  in  the  region  of  the  eruption,  the  same  general  rule  applies  here,  that  the 
connection  between  sun-spots  and  eruptive  prominences  is  of  a  purely  accidental  nature.  Indeed,  one  would 
suppose  that  the  presence  of  the  spot  would  hinder  rather  than  excite  the  enii>tion,  judging  by  the  rapid 
descent  of  the  matter  into  the  spot  in  the  two  cases  cited. 

6.  Xo  change  in  form  or  in  any  other  respect  can  certainly  be  distinguished  in  the  prominence  at  the 
time  when  the  sudden  change  in  velocity  (the  "impulse")  occurs.  This,  of  cour.se,  is  based  on  a  study  of 
the  spectroheliographic  i)lates  and  the  prints  available  to  me,  and  is  not  complete.  The  visual  observations 
contribute  nothing  to  stutlies  of  this  kind.  Altogether  no  safe  conclusion  can  be  drawn  on  this  point  from 
the  material  covered  in  this  investigation. 

SUMMARY  OF  THE  PRINCIPAL  OBSERVATIONAL  EVIDENCE 

1.  Prominences  of  the  splash  type  are  always  connected  with  sun-spots,  and  consist  of  one  or  two  wings 
on  either  side  of  the  spot  with  projecting  spikes  radiating  away  from  it,  many  of  them  broken  and  describing 
cur\-es  similar  to  the  "lines  of  force"  about  a  magnet.  Normally  the  matter  about  the  spot  is  moving  into 
it  with  accelerated  velocities  averaging  about  35  km/sec,  sometimes  reaching  100  km/sec.  Occasionally 
a  streamer  may  be  projected  from  one  of  the  wings  away  from  the  Spot,  or  a  spike  rise  from  the  region  of  the 
spot,  with  similar  velocities.  This  is  not  the  normal  condition,  however.  The  distribution  of  these  objects 
observed  in  the  last  twelve  years  shows  a  sharp  maximum  in  longitude  145°. 

2.  Tornado  prominences  are  found  to  be  twisted  in  one  direction  only,  such  that  the  direction  of  rota- 
tion is  interpreted  to  be  in  the  clockwise  direction  in  both  hemispheres. 

3.  Eruptive  prominences  have  been  shown  to  move  with  uniform  velocity,  suddenly  accelerated  at 
inter\-als  as  if  by  an  impulse.  This  conclusion  is  sulxstantiated  by  both  visual  and  photographic  observa- 
tions in  everj'  case  where  sufficient  data  are  obtainable  to  determine  the  character  of  the  motion. 

4.  There  is  some  evidence  of  secondary  eruptions  antl  possible  decrease  of  velocity  at  the  end  of  an 
eruption,  but  the  latter  is  based  on  only  a  few  visual  observations. 

5.  Fading  at  the  end  of  the  eruption  is  very  rapid,  sometimes  obliterating  the  whole  prominence  in  a  few 
minutes,  and  sometimes  only  partially. 

G.  The  maximum  velocity  ob.served  in  the  best-tletermined  cases  reaches  400  km  'sec.  \'elocities  greater 
than  this  are  to  be  accepted  with  less  confidence. 

7.  Streamers  and  knots  in  prominences  show  velocities  toward  the  sun's  surface  of  about  one-third 
that  which  gravity  alone  would  give  to  them. 

8.  There  is  no  evidence  of  the  piling  up  of  matter  which  is  torn  from  a  prominence,  or  ejected  from  the 
region  of  a  spot,  and  which  returns  to  the  chromosphere. 

9.  Stubborn  knots  are  found  which  sometimes  appear  to  produce  eddies  in  portions  of  a  prominence 
where  there  is  a  streaming  of  matter. 

10.  There  seenis  to  bo  no  connection  l)etween  eruptive  prominences  and  spots,  other  than  of  an  accidental 
nature. 

11.  There  is  no  apparent  relation  between  the  breaks  in  the  curves  and  the  heights  which  they  indicate. 

THE  PROBABLE  NATURE  OF  ERUPTIVE  PROMINENCES 

That  we  have  to  deal  with  real  motions  of  bodies  of  gaseous  matter  and  not  with  a  "transference  of 
luminescence,"  as  Brester  imagined,  is  difficult  to  prove,  as  no  crucial  test  has  yd  been  tievised  to  settle  the 
question,  but  the  motions  of  the  knots  and  streamers  are  such  as  to  give  a  strong  impression  of  the  actual 
transference  of  matter.  The  delicate  detail  of  a  prominence,  which,  in  its  more  general  structure,  often 
undergfK'8  only  a  slow  change  while  the  whole  body  is  moving  with  a  velocity  of  200  km/sec,  can  hardly  be 
»'omparfd  to  the  aurora  as  an  exami)le  of  the  "transference  of  luminescence." 

If  we  acce|)t  this  view  of  the  matter,  the  (luestion  now  arises  as  to  the  origin  ul"  tlie  eruptive  forces 
which  pro<luee  thest;  high  velocities.     Young's  idea,  which  was  accepteil  as  the  l>est  available  In-  many  of 
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his  coiitoniponirios,  iii;iy  he  hiiofly  siiiiiiuarizod  :i.s  follows.  The  jihotosphorc  consists  of  tlic  condensed 
cloud  surface,  of  which  the  granules  are  the  upper  ends  of  columns  of  condensed  vapors,  between  which  rise 
the  heated  currents  from  within,  anil  in  their  passage  through  these  "qua.si-pipes"  they  may  encounter 
contracted  passages  which  may  result  in  explosions  giving  rise  to  motions  "which  must  have  exceeded 
200  miles  per  second"  in  IIk;  jjromiiieiice  of  September  7,  1871. 

Secchi  was  inclined  to  attribute  a  great  part  of  the  velocity  to  an  extreme  difference  of  density  between 
the  prominences  and  the  atmosphere  in  which  they  rise. 

Roth  of  these  views  of  the  mechanics  of  an  eruption  of  a  prominence  are  untenable  for  cases  of  quiescent 
prominences  which  later  become  eruptive.  The  prominence  of  May  29,  1919,  was  a  case  of  this  kind.'- 
Young's  view  would  necessarily  admit  a  comphcated  spectrum,  which  is  not  generally  the  case,  for  the 
spectrum  is  often  as  simple  as  that  of  the  quiescent  prominences.  Secchi's  view  would  reverse  what  seem 
to  be  the  relative  densities  of  the  prominences  and  the  corona.  Secchi  was  under  the  impression  that  the 
hydrogen  spectrum  is  present  in  the  inner  corona,  which  is  now  believed  not  to  be  the  case. 

Arrhenius  and  others  have  attempted  to  use  radiation  pressure  to  explain  comets'  tails,  prominences,  and 
the  corona.  Fitzgerald  first  suggested  that  tlie  light-pressure  on  gases  is  equal  to  the  pressure  exerted  on  a 
black  bodj^of  equivalent  cross-section  multiplied  by  the  coefficient  of  absorption  of  the  gas.  Lebedew  tested 
this  theory  expermientally  and  showed  that  the  relationship  stated  by  Fitzgerald  is  correct  within  30  per  cent 
of  the  predicted  value,  which  was  the  limit  of  accuracy  attainable  by  the  method  he  used.  His  conclusion" 
was,  however:  "These  exi)erinients  refer  to  masses  of  gas  under  atmospheric  pressure,  and  the  numerical 
values  found  cannot  be  directly  apjilieil  to  the  excessively  rare  gases  of  comets'  tails."  The  coefficients 
which  he  found  were  of  the  order  of  less  than  0.01. 

That  there  is  a  certain  dimension  for  which  the  light-pressure  is  a  maximum  per  unit  area  on  a  small 
spherical  body  was  first  pointed  out  by  Schwarzschild.  He  showed  that,  from  considerations  based  on  the 
electromagnetic  theory  of  light,  the  pressure  is  a  maxinmm  per  unit  area,  when  the  circumference  of  the 
sphere  is  about  equal  to  the  wave-length  of  the  radiation  incident  on  it.  The  pressure  is  then  over  twice  the 
value  given  by  the  energy  formula.  As  the  diameter  diminishes,  the  pressure  falls  oflf  in  an  exponential 
manner  on  account  of  diffraction  effects,  and  is  rapidly  reiluced  to  zero. 

The  appearance  of  Halley's  comet  brought  forth  a  number  of  papers  on  the  subject.  Nicholson"  gives  a 
shorter  method  of  reducing  the  equations,  and  Proudman,'^  a  still  shorter  method.  Debye'^  discusses  light- 
pressure  on  small  spherical  particles  and  molecules  of  various  hypothetical  constructions.  In  ail  these, 
the  equations  lead  to  the  determination  of  the  quantity  P/wa-E,  which  is  the  ratio  of  the  pressure  computed  by 
the  electromagnetic  theory  to  the  pressure  computed  by  the  simple  assimaption  that  the  energy  received  per 
unit  volume  of  the  incident  beam  is  all  converted  into  a  repulsive  force.  Curves  giving  this  ratio  in  ordinate 
against  the  argument  27ra/X  (the  circmnference  in  terms  of  the  wave-length)  are  given  by  the  authorities 
quoted  above. 

On  the  assumption  that  the  molecule  is  a  small  spherical  absorbing  body  we  may  compute  the  radiation 
pressure  from  the  formulae  mentioned  above.    We  will  follow  Nicholson.     He  gives  {loc.  cit.) : 
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^^  AslTophysical  Jotinml.  50,  21)7,  1919.  "  Monlh'y  Xolices,  70,  .544,  1910. 

«'  Ibid.,  31,  393,  1910.  '"  Ibid.,  73,  .53.5,  1913.  «  Annalen  der  Physik,  30,  57,  1909. 
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The  diameters  of  molecules  of  various  gases  have  been  determined  by  a  number  of  methods  in  recent  years. 
The  values  obtained  are  of  the  order  2-10~*cm.  For  hydrogen  the  mean  value  is  about  1.12- 10"*  cm. 
This  gives,  then,  a  =  0.56- 10"*  cm,  and  taking  X  at  5.5-10"'  cm  for  the  eflfective  wave-length  of  radiation 
we  have 

Z  =  ?r?  =  0. 001274,         /^_i  =  l,         /t"o=l,         i?l  =  6.1G•10-^         7?o  =  3.4  •  10'=. 

A 

From  these  values  it  is  readily  seen  that  only  the  value  n  =  1  need  be  taken  in  the  summation.  Then,  from 
these  values: 

(r,  =  7.7-10-« 

52  =  79-10-" 
7j  =  8.8.10-" 
i-  =  35-  10- ■» 
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A  simple  check  formula  — T7>  =  —rr~  mav  be  applied  here,  and  the  value  of  Z  being  so  near  the  origin  the 
Tta-tj        6 

check  ought  to  hold  with  considerable  accuracy.     From  this  formula  we  get: 
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Let  us  now  consider  the  pressure  on  a  molecule  of  hydrogen  near  the  chromosphere.  For  all  practical 
purposes  we  may  consider  the  radiating  surface  to  be  a  plane  of  infinite  extent. 

In  Figure  13  let  m  represent  the  niolccule  from  which  the  p('rpen<licular  /(  is  (lroi)i)eil  to  the  radiating 
surface.  Let  the  energy  of  radiation  per  unit  area  from  the  small  elementary  area  r  dr  eld,  falling  on  m,  l)c  E. 
The  pressure  P  then  varies  directly  with  E,  inversely  with  the  square  of  the  distance  V^h'^+r',  and  directly 

with  the  cross-section  of  the  beam  r  dr  de—r-^-=  .    The  component  parallel  to  h  is  the  energy  so  obtained, 
multiplied  by  cos  <^=     —  •     The  sum  of  the  differential  components  is 


E-;-  (13) 

Integrating  this,  we  get  for  the  energy  delivered  to  w,  efifective  outward  along  a  solar  radius, 

E'  =  tE,  (14) 

and  the  con.sequent  pressure  for  a  perfectly  alisorbing  molecule  is 

P=\2S-Ur'-w-a^E .  (15) 

Taking  the  solar  constant  at  2  cal./min.  =  1.4-10'  ergs/sec.  for  tlio  earth's  dist.uico,  its  value  at  the  sun's 
surface  will  Ik-  forty-.«ix  thousand  times  as  great,  and  the  energy  per  cu.  cm  effective  as  pressure  is 

/'  =  1 2 , 3  -  1 0-  'Va-E  j^,  =  79 . 2  -  10-  =»  dynes  , 

where  V  is  the  velocity  of  light  =  3- 10'"  cm/sec. 
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Now  the  mass  of  a  hydrogen  molecule  is  given  by  Millikan  as  1.66- 10"^*  gin.  Taking  rr  =  27.6g  we 
get  for  the  ratio  of  the  attraction  of  gravity  Gm,  to  tlic  light-pressure  /■*,  at  the  sun's  surface,  Gm/P  =  ^.7 -lO", 
i.e.,  gravitational  attraction  on  a  hydrogen  molecule  exceeds  light-pressure  some  half-billion  times,  assum- 
ing the  molecule  to  be  a  perfectly  rigid  absorbing  sphere. 

We  cannot,  of  course,  admit  the  rigid  molecule  as  a  final  argument  in  the  light  of  what  is  known  to  be  the 
probable  constitution  of  it.  That  "resonant  pressure,"  due  to  the  electrons  circulating  in  orbits  having 
periods  approximating  that  of  the  incident  radiation,  probably  exists,  cannot  be  doubted.  Page"  computed 
the  value  of  such  a  resonant  pressure  on  molecules  of  sodium  vapor.  For  resonant  frequency  at  9000  A 
the  value  of  the  jM-essure  is  a  maximum,  and  exceeds  gravitation  "thirty  times  or  more."  While  the  deriva- 
tion of  this  result  is  based  on  the  doubtful  assumption  that  the  resonant  effect  is  applicable  for  the  integrated 
spectrum,  we  may  accept  the  result  and  show  that  it  does  not  apply  to  the  prominences  near  to  the  chromo- 
sphere. 


Fig.  13 


In  his  equation  for  the  energy  received,  1/c,  he  presimies  radiation  from  a  full  hemisphere  of  the  sun. 
For  a  prominence  at  the  chromosphere,  the  area  of  the  exposed  radiating  surface  is  very  small  and  the  raj^s 
are  nearly  all  inclined  at  an  angle,  while  the  law  of  gravitation  remains  unchanged. 

Possibly  the  more  reasonable  assumption  is  that  the  energy  producing  the  pressure  must  be  some  part 
of  that  absorbed  by  the  gas.  Poynting'*  discusses  this  and  arrives  at  the  conclusion  that  "no  gas  can  be 
repelled." 

Eddington,'^  in  discussing  the  envelopes  of  comet  Morehouse,  concluded  that  the  velocities  of  the  ejected 
particles  were  hundreds  of  times  greater  than  those  produced  by  gravitj-.  Light-pressure  could  not  account 
for  it. 

That  radiation  pressure  does  not  furnish  the  motive  power  for  eruptive  prominences  is  apparent  from 
several  considerations. 

1.  If  the  radiation  pressure  on  a  molecule  exceeded  gravity  at  the  sun's  surface  the  chromosphere  could 
not  exist,  neither  would  the  quiescent  prominences. 


"  Astrophysical  Joiinml,  51,  6.5,  1920. 


'8  The  Pressure  of  Light,  p.  92. 


'  Monthly  Notices,  60,  442,  1910. 
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2.  The  volocitios  of  the  eruptivo  proiniiioncos  would  all  ho  nearly  tho  same  at  the  same  height,  or  at  least 
there  should  he  a  teiulcncy  in  that  direction.     Tliis  has  hcen  shown  not  to  be  the  case. 

3.  Radiation  pressure  acts  radially.  Some  eruptions  have  taken  place  at  considerable  angles  to  the 
radius.  In  the  case  of  the  prominence  of  September  8,  191i),  thi.-^  angle  was  nearly  n7°  and  the  prominence 
traversed  this  path  in  a  nearly  straight  line  a  distance  of  480,000  km. 

4.  If  railiation  pressure  produced  the  observed  motions,  they  would  be  continuously  accelerated  rather 
than  unifonn. 

Whatever  the  nature  of  the  expelling  force,  several  properties  are  apparent  from  the  observational  evi- 
dence presentetl  here. 

1.  The  force  is  verj'  probably  of  the  same  nature  for  all  eruptive  prominences,  since  the  law  of  motion 
appears  to  be  a  general  one. 

2.  The  force  acts  at  a  distance.  The  quiescent  prominences  which  liccome  eruptive  are  almost  detached 
masses  connected  to  the  sun  by  streamers.  These  are  well  represented  in  the  prominence  of  May  29,  1919. 
In  these  streamers  the  matter  is  moving  into  the  sun,  hence  the  force  of  the  eruption  cannot  be  traveling 
outward  along  them  unless  it  l)e  of  an  electrical  nature. 

3.  Further  evidence  that  the  force  acts  at  a  distance  and  also  over  short  i)criotls  of  time  is  obtained  from 
the  sudden  increases  in  velocity  of  ascent  after  the  prominence  is 'entirely  free  from  the  sun. 

4.  It  must  follow  the  law  of  motion  shown  here  to  be  a  generalization. 

5.  It  generally  produces  no  visible  disturbance  on  the  photosphere. 

6.  It  nmst  l>e  capable  of  acting  between  individual  molecules  of  a  gas  and  the  sun. 

7.  It  must  produce  the  high  velocities  observed. 

8.  It  must  act  at  times  at  a  considerable  angle  to  the  vertical. 

9.  The  value  of  the  eruptive  force  probably  varies  over  a  considerable  range. 

The  character  of  the  motion  here  presents  peculiar  difficulties,  if  we  are  to  accept  the  i)recepts  of 
Newtonian  mechanics.  Uniform  motion  in  a  straight  line  subject  to  sudden  increases  is  not  to  be  expected 
in  a  gravitational  field.  We  must  account  for  uniform  motion  observed  over  a  space  greater  than  a  solar 
radius,  enduring  for  .several  hours  at  least,  and  we  have  no  reason  to  believe  that  these  are  limits  in  any  sense. 

Before  pursuing  the  matter  farther  we  are  in  need  of  two  pieces  of  evidence  quite  lacking,  viz.,  the  densi- 
ties of  the  prominences  and  of  the  coronal  atmosphere.  From  appearances  one  would  judge  that  the  densities 
are  verj-  low,  and,  if  anything,  that  the  coronal  density  is  the  less.  If  we  assume  a  density  of  1  atmosphere 
in  the  chromosphere,  the  densitj'  in  the  region  of  the  ordinary  prominences  is  less  than  the  best  vacuum  we 
can  produce,  on  account  of  the  value  of  superficial  gravitation  there. 

Some  facts  Iiearing  on  the  coronal  density  and  its  relation  to  the  densities  of  the  iirominences  may  be 
stated  here.  The  high  velocities  of  the  eruptive  prominences  would  make  a  coronal  density  much  short  of 
a  good  vacuum  seem  impossible.  That  the  prominences  could  preserve  any  kind  of  form  while  moving  at 
the  rate  of  KX)  kni/  sec.  through  an  atmosphere  of  density  comparable  with  its  own  is  quite  inconceivaiile. 

One  point  of  observation  nni.st  not  escape  attention,  however.  In  many  cases  the  matter  of  the  promi- 
nence is  broken  up,  a|)parently,  and  scattered  all  along  the  jiath  travei-sed,  as  was  the  case  of  Young's  promi- 
nence of  September  7,  1871,  and  also  of  the  prominence  of  September  8,  1919.  There  is  some  tendency  to 
expand  in  the  direction  of  motion  in  nearly  all  cases,  but  there  are  some  exceptions.  The  prominence  of 
July  15,  1919,  is  a  good  example. 

This  expansion,  and  even  torn  structure,  may  be  assigned  to  other  causes  than  movement  through  a 
resisting  medium,  and  the  effect  of  such  a  medium  would  be  to  produce  a  strongly  negatively  accelerated 
motion. 

Another  fact  of  observation  may  lie  taken  from  the  deflection  of  starlight  through  the  corona.  If  such  a 
deflectioti  were  pro<iuccd  it  wouhl  cause  the  star  to  shift  its  position  away  from  the  limb  of  the  sun  in  the 
«ame  manner  as  ICinstein's  theory  predicts.  The  plates  taken  by  Eddingtoii  and  Cottingham  at  Princepe, 
and  by  Cronimelin  and  Davidson  at  Sobral  on  May  29,  1919,  show  such  sliilts,  uiiilornd_\  greater  than 
Einstein's  theory  predicts,  with  the  exception  of  2  cases  out  of  7. 
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The  mean  line  which  Dyson-"  adopts,  in  the  discussion  of  the  measures,  gives  a  difference  of  0!'12  for  a 
distance  of  a  radius  from  the  limb.  This  outstanding  excess  or  a  part  of  it,  if  real,  may  be  interpreted  as 
refraction,  if  Einstein's  thoorctical  value  of  the  shift  b('accoi)te(l.  Even  if  this  result  could  be  confirmed,  we 
would  be  at  loss  for  a  means  of  innkiut;  an  applicalion  of  i1,  since  the  properties,  of  the  coronal  gases  and 
the  law  of  refraction  obtaininp;  there  are  unknown. 

Some  evidence  maj-  be  taken  from  the  passage  of  comets  thiougii  the  corona.  Several  remarkable  cases 
are  on  record,  as  may  be  seen  from  the  following  table: 

TABLE  XII 


Comet 

Distance  from 

Sun's  Surface  at 

Perihelion 

Comet 

Distance  from 

Sun's  Surface  at 

Perihelion 

1680 

km 
231,300 
126,700 
186,500 

1882  111... 
1887  I  

km 
530 , 300 

1S43  I  

1880  I 

111,700 

All  these  distances  are  less  than  the  maxuuum  ob.served  height  of  eruptive  prominences. 

Observers  of  these  comets  could  detect  no  physical  changes  which  might  be  attributed  to  passage  through 
the  corona.  The  comet  of  1882  split  up,  it  is  true,  the  nucleus  dividing  into  a  number  of  parts  and  a  portion 
of  the  body  becoming  two  separate  attendants,  but  the  phenomenon  occurred  on  October  3,  sixteen  days 
after  passage  through  the  corona.  The  brilliancy  of  the  comet  was  so  great  that  it  was  observed  almost 
without  interruption  throughout  this  period.  From  this  we  must  conclude  that  the  coronal  atmosphere  has 
no  observable  effect  on  the  matter  in  the  region  of  the  nucleus  of  a  comet,  when  the  latter  is  moving  through 
it  at  the  rate  of  500  km/sec. 

Altogether  the  evidence  points  to  a  very  low  densityi  but  fiu-ther  than  that  it  does  not  tell  us  much. 

Observational  material  on  the  densities  of  the  prominences  is  quite  lacking.  About  our  only  hope  of 
securing  such  data  seems  to  be  from  a  study  of  the  widths  of  the  lines  of  the  spectrum  of  the  prominence  by 
means  of  the  s]iectro-interferometer.  This  would  require  a  study  in  the  laboratory  of  the  effect  of  pressure 
on  the  width  of  lines  in  the  spectrum  of  gases  occurring  in  the  prominences,  and  a  study  of  the  electrical 
and  temperatm-e  effects.  These  lines  would  then  be  observed  in  the  spectrum  of  prominences  by  means  of  a 
spectro-interferometer  especiall.v  designed  for  the  purpose.  The  pressures  would  then  be  obtained  from 
curves  determined  in  the  laboratory.     I  hope  to  find  means  of  carrying  out  studies  of  this  kind. 

Let  us  suppose  that  the  coronal  atmosphere  is  negligible  so  far  as  the  prominences  are  concerned.  Since 
the  force  cannot  act  continuously,  let  us  suppose  that  the  prominence  is  projected  into  space  by  a  sort  of 
explosive  force  acting  for  a  short  time.  In  order  to  produce  uniform  motion  it  will  be  necessary  to  neutralize 
the  force-vectors  on  the  prominence  in  some  way.  About  the  only  forces  opposing  gravity  in  the  region 
surrounding  the  sun,  with  which  we  are  at  all  familiar,  are  light-pressure,  electrostatic  repulsion,  and  possible 
corpuscular  bombarchnent.  The  inadequacy  of  light-pressure  has  already  been  shown.  Let  us  see,  then, 
what  may  be  the  character  of  an  eruption  generated  by  electrostatic  repulsion. 

If  we  accept  the  theory  of  Young  that  the  photosphere  is  a  surface  of  cloud,  we  may  assign  to  it  the 
properties  of  an  electrical  conductor.  The  amount  of  the  positive  charge  which  it  may  carrj',  due  to  the 
ejection  of  negative  electrons,  is  difficult  to  estunate.  This  charge  depends  on  the  molecular  agitation, 
short-wave  radiation,  and  possible  radium  content  of  the  sun.  .\11  things  considered,  the  process  of  partition 
of  the  negatively  charged  electrons  will  go  on  until  the  forces  ejecting  them  are  balanced  bj-  the  residual 
positive  charge.  However,  the  speed  of  ejection  is  so  high,  17,000-150,000  km/sec,  that  for  all  practical 
purposes  large  numbers  must  escape  the  vicinity  of  the  sun,  leaving  the  photosphere  essentially  a  positively 
charged  sphere  with  respect  to  surrounding  space. 

'»  Philosophical  Transactions  of  the  Royal  Society  (London),  220,  332,  1920. 
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Suppose,  then,  that  the  seat  of  the  eruption  hiy  on  the  siihere.     The  repulsive  forces  acting  on  the  mole- 
cule of  gas  in  a  prominence  would  be  given  l»y-'' 

ge_gaW-«')  (16) 

where 

£  =  the  charge  on  the  sun 

a  =  the  radius  of  the  sun 

e  =  the  charge  on  the  molecule  of  the  prominence 

/=the  distance  of  the  molecule  from  the  sun's  center 

If  we  let  d=/— a=the  distance  of  the  molecule  from  the  sun's  surface,  then  we  have  approximately 

f  =  -|-i  (17) 


when  — -  is  small,  i.e.,  the  molecule  is  near  the  surface  of  the  sun.     From  this  we  see  that  F  is  negative, 
a 

i.e.,  that  the  force  is  attractive,  unless 

E>%-  (18) 


This  phenomenon  is  familiar  to  every  experimenter.  A  pith  hall  is  first  attracted  to  a  charged  body  by  the 
induced  charge  on  the  near  side.  The  ball  will  remain  in  contact  with  the  charged  body  until  separated  a 
small  distance,  when  it  will  fly  away,  repelled  by  the  charge  of  contact.  Since  d  is  the  only  variable  in  the 
foregoing  inequalit\-,  then  there  is  a  critical  value  for  d  for  which 

^=^ .  (19) 

At  this  distance  the  charged  molecule  will  be  suspended  in  unstable  equilibrium.  Beyond  this  point  it  will 
be  repelled  continuously,  while  for  smaller  values  of  d  it  will  be  attracted  continuously  toward  the  sun. 

In  the  particular  case  of  the  sun,  however,  or  in  any  sphere  of  considerable  mass,  the  foregoing  equation 
must  be  modified  by  inserting  the  gravitational  vector.  As  applied  to  the  sun,  this  equation  of  critical  dis- 
tance becomes 

where  m  is  the  mass  of  the  molecule  and  g  is  the  value  of  superficial  gravitation. 

If  we  neglect  other  circumstances,  then  the  value  of  d  determined  by  this  equation  should  be  the  height 
to  which  the  most  stable  i)rominences  rise  and  remain  free  from  the  chromospliere.  If  the  sun's  potential 
and  that  of  all  the  j^rominences  were  constant,  d  would  also  be  constant,  Imt  tliis  is  iianlly  to  bo  expocteil, 
especially  of  e.     For  any  particular  prominence  this  leads  directly  to  a  relation  between  E  anil  c. 

A  remarkable  case  of  this  .sort  was  the  prominence  of  October  13,  1919.  This  had  tlic  form  of  a  detached 
arch,  most  of  the  material  being  concentrated  near  the  crest.  It  remained  unchanged,  except  in  minor 
details,  during  seven  and  one-half  hours  of  continuous  observation,  including  40  exposures  and  a  mnnber  of 
visual  ob8er\'ations.  In  this  case  d=  120,000  km,  and  putting  the  atomic  mass  of  calcium  at  (iCi- 10~-*  gm 
we  have 

^e-2I.oc=  =  G2.7.10-".  (21) 

"  J.  J.   lliuuiivtu,  LUiitciUs  of  Electricity  and  Muytwtiam,  p.  1.5(1. 
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Several  facts  are  apparent  from  equation  (20).  First,  that  electrostatic  repulsion  cannot  ordinarily  pro- 
duce an  ejection  of  matter  without  an  additional  starting  force.  Second,  that  the  matter  ejected  can  be  in 
equilibrium  only  at  one  point — where  d  has  the  critical  value.  Hence,  uniform  moti(jn  cannot  exist  under 
these  circumstances  alone.  Earnshaw^z  has  provcsd  the  general  theorem  that  an  electrified  body  cannot  be  in 
stable  equilibrium  in  an  electric  field  under  electric;  force.s  alone. 

The  electrical  status  of  eruptive  prominences  is  further  embarrassed  by  the  fact  tiiat  there  is  no  certain 
case  on  record  where  magnetic  disturbances  can  be  associated  with  the  occurrence  of  an  eruption,  such  as  is 
often  found  in  the  appearance  of  a  great  spot.  The  outcome  of  the  attempts  to  detect  the  Stark  effect  in  the 
sun  is  awaited  with  interest. 

Deslandres  and  Crookes  have  proposed  the  hypothesis  of  a  cathode-ray  bombardment  to  explain  comets' 
tails  and  prominences.  The  high  velocities  of  the  cathode  particles  would  make  the  force  of  repulsion 
follow  the  inver.se  sqiiare  law  from  the  origin  of  the  particles  on  the  sun's  surface.  This  must  be  a  purely 
local  phenomenon  or  we  should  expect  eruptive  prominences  to  be  the  normal  condition  rather  than  the 
converse.     We  are,  then,  confronted  again  with  an  acceleration  which  does  not  agree  with  ob.servation. 

CONCLUSION 

Such  a  simple  law  of  motion,  as  has  been  found  to  obtain,  cannot  be  expected  to  result  from  a  complex 
relation  of  forces  in  every  case,  but,  on  the  other  hand,  we  should  look  for  a  simple  condition  to  exist.  I  have 
shown  that,  in  general,  streamers  and  knots  moving  into  spots  and  areas  of  attraction  are  subject  to  acceler- 
ated motion  just  as  we  might  expect  them  to  be,  when  attracted  by  a  local  force;  and  that  the  vertical 
component  of  velocity  is  only  about  one-third  that  which  it  would  have  under  gravity  alone,  neglecting  the 
force  which  is  apparently  causing  the  motion. 

This  suggests  what  is  probably  the  simplest  explanation  of  all,  namely,  that  the  gravitational  attraction 
of  the  sun  for  the  matter  in  the  prominence  is  so  modified  as  to  have  practically  no  effect.  Whether  this  is 
due  to  loss  of  gravitational  properties,  or  to  a  suspension  by  means  at  present  unknown,  is  difficult  to  decide. 
It  is  evident,  however,  that  the  prominence  is  still  under  the  influence  of  the  magnetic  and  possible  electric 
forces  on  the  sun,  as  is  indicated  by  the  downpouring  streamers,  which  send  matter  into  the  spots  and  areas 
of  attraction  in  spite  of  the  high  velocity  of  the  eruptive  prominence  itself. 

There  is  also,  often,  some  lateral  motion  of  the  prominence  toward  the  principal  point  of  attraction, 
as  is  shown  by  the  movement  of  the  prominence  of  May  29,  1919,  of  about  8°  of  latitude  toward  the  spot. 
Evershed  records  a  movement  of  5°  of  latitude  toward  the  area  of  attraction  in  the  prominence  of  May  26, 
1916. 

The  expulsion  of  the  prominence  and  the  changes  in  its  velocity  are  probably  due  to  a  periodic  force, 
acting  for  a  short  interval  and  with  a  violence  which  increases  continuously.  The  evidence  on  this  point  is 
contained  in  Table  XIII,  in  which  are  tabulated  all  the  eruptive  prominences  which  show  more  than  one 
impulse.  Of  the  nine  cases,  six  show  continuously  increasing  values  of  the  change  of  velocity  (AF)  due  to 
the  impulse.     The  last  three  show  slightly  decreasing  values. 

Since  the  prominence  is  moving  with  uniform  motion,  AF  is  propoilional  to  the  force  applied,  and  the 
time  during  which  it  acts,  if  the  mass  remains  constant.  If  the  repelling  force  is  one  which  varies  with  the 
reciprocal  of  the  distance  or  a  power  of  this  greater  than  unity,  then  for  every  case  in  Table  XIII  the  force 
is  always  increasing  at  successive  impulses. 

Nearly  any  periodic  force  capable  of  repelling  gas  molecules  would  satisfy  these  conditions.  Probably 
the  periodic  ejection  of  showers  of  electrons  from  a  disturbed  area  in  the  photosphere  would  satisfy  the 
conditions.  The  high  velocities  of  these  bodies  would  cause  them  to  yield  their  energj-  to  a  number  of 
gaseous  atoms  before  the.y  were  brought  to  rest  by  attaching  themselves  to  one  of  the  atoms  higher  up  in 
the  prominence,  thus  distributing  the  repulsive  force  throughout  its  mass.  The  speed  (17,000-150,000 
km/sec.)  would  permit  an  electron  to  jnove  from  the  bottom  to  the  top  of  any  prominence  in  a  few  seconds. 

2"  Clerk  Maxwell,  Electricity  and  Magnetism,  1,  174. 
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This  ability  to  distribute  its  encrgj-  throughout  the  prominence  might  explain  the  fact  that  no  certain  changes 
of  form  of  the  prominence  can  be  attributed  to  an  impulse  occurring  between  two  exposures  with  the  sijectro- 
heliograph.  On  the  other  hand,  the  velocities  given  to  calcium  atoms  would,  on  the  average,  be  much  less 
than  those  attained  by  hj-drogen.     This  might  explain  the  more  elongated,  columnar  form  of  some  promi- 
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TABLE  XIII 
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F^nyi 

Sept.  0,  1S88 


Taccliini 
Nov.  16,  1892 


llalc  iuul  Ellerman 
.March  2.-),  189.5 


Oct.  21,  1914 


Pettit 

May  29,  1919 


(Lee 
Feb.  18,  1920 
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May  2(i,  1916 


Height  in 
1000  km 


18 
63 


126 

159 
228 
332 


217 
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115.0 

49.0 
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202.0 

6.7 
22.0 
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31.4 
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20.8 
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13 

32 


8.0 
23.1 

30.0 
26.7 

25.3 
22.2 

127.5 
124.9 


nences.  Unfortunately,  tlierc  is  as  yet  no  material  available  for  a  comparison  of  spcctroheliograms  of  an 
eruptive  prominence  taken  simultaneously  in  hj'drogen  and  calcium  lines.  If  its  whole  momentum  were 
divided  with  a  hj'drogen  atom  whose  mass  is  1845  times  as  great,  the  electron  would  l)e  capable  of  producing 
changes  of  velocity,  greater  than  those  ol)sprved,  by  a  single  impact. 

There  is  at  present  no  positive  evidence  of  the  existence  of  the.se  periodic  showers  of  electrons  referred  to 
above,  and  such  a  hypothesis  must  be  considered  as  onlj'  a  tentative  pos.sibility. 

August,  1920 
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PLATE   XWII 


TORNADO  PROMINENCES 

(1)  October  15,  1910;  (2)  July  12,  1919 


PLATE  XXVIII 
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THE  "SIGMA"  PROMINENCE  OF  SEPTE]\IBER  23,  1919 
The  G.M.T.  of  exposures  were  as  follows: 
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(11)7  04  45      (12)7  09  05      (13)7  11  48      (14)7  17  30  (15)7  26  30 
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PLATE  XXX 


c 
G.M.T. 

5h32"'4i 
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2hs6'»s6^ 


THE  GREAT  PROMINENCE  OE  .MAY  29,  1919 

Scale:  ford,  imm  =  9326km;  for  i  and  r,  i  mm  =  S4i6km 


I'l.ATK    XXXI 


THE  GREAT  PRO.^^XE^X'E  OF 

MAY  29,  1919 

Scale:  1  mm  =  8416  km 
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THE  PROMINENCE  OF  JULY  15,  1919 

Scale:  1  mm  =9572  km 


PLATE  XXXIII 


SUN-SPOT  CONNECTED  WITH  THE  GREAT  ERUPTIVE  PROMINENCE 
OF  MAY  29,  1919,  EXPOSURES  MADE  OX  :\IAY  30 

(A)  Calcium  spectroheliogram,  (B)  direct  photograph 


PLAT  10   XXX  1\ 


(A)     CALCIUM  SPECTROHELIOGRAM  OF  THE  GREAT  SUN-SPOT 

OF  AUGUST  9,  1917 

overTh'e';prwhtTt'cr„re\o\rwe.ltT,;:.b  S"; :^P°^"^-;'^  *'-  P-ninence  wh,ch  appeared 


PLATE  XXXV 


(A)     CALCIUM  SPECTROHELIOGRAM  OF  THE  GREAT  SPOT 

OF  :\L\RCH  20,  1920 

Scale,  sun's  diameter  =  182  mm.     Above  are  six  exijosures  on  the  prominence  which  appeared  over  the  spot  when  it  came  to  the  western  limb 
on  March  27  at  the  following  G.M.T.: 

(l).5h28'"46»  (2)o>'30"'52'  (3)o''33"'50'  (4)5''37"'14=  (5)5i'40">15''  (6)5h42""50' 

Note  the  eruption  from   the  suspended  cloud.     Below  are  given  two   exposures  on  a  prominence  over  the  same  spot  on  March  29  at 

(7)9''2-4"'2-l",  (8)9h28"'15^ 
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PROMINENCE  OF  SEPTE:MBER  22,  1919.  WHICH  APPEARED 
OVER  A  SPOT  ON  THE  LIMB 

The  G.M.T.  of  the  exposures  were: 

(l)6h33"48»                (2)6h36">09»  (3)6>'37">50'  (4)6h59'"38»  (5)7i>04"-49' 

(6)7  09  38       (7)7  14  38  (8)7  19  50  (9)7  24  46  (10)7  30  11 

(11)7  34  46      (12)7  39  52  (13)7  44  45  (14)7  49  42  (15)7  54  50 


PLATE   XXXVII 


PROMINENCE  OF  MAY  9,  1911 

Exposures  made  at  G.M.T.  (I)4h45'"54»,  (2)4h47>"06" 
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